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A bstract
VariableStarNetwork(VSNET)isaglobalprofessional-am ateurnetworkofresearchersin variablestars
and related objects,particularly in transient objects,such as cataclysm ic variables,black hole binaries,
supernovaeand gam m a-raybursts.TheVSNET hasbeen playingapioneeringrolein establishing theeld
oftransientobjectastronom y,by eectively incorporatingm odern advancein observationalastronom y and
globalelectronicnetwork,aswellascollaborativeprogressin theoreticalastronom y and astronom icalcom -
puting.TheVSNET isnow oneofthebest-featured globalnetworksin thiseld ofastronom y.W ereview
on the historicalprogress,design concept,associated technology,and a wealth ofscientic achievem ents
powered by the VSNET.
K ey w ords: accretion,accretion disks | astronom icaldata bases: m iscellaneous | catalogs |
galaxies:BL Lacertaeobjects:general| gam m arays:bursts| m ethods:dataanalysis| stars:binaries:
eclipsing | stars: binaries: sym biotic | stars: dwarfnovae | stars: em ission-line,Be | stars: novae,
cataclysm ic variables | stars: oscillations | stars: pre-m ain sequence | stars: supernovae | stars:
variables:other| stars:W olf-Rayet| surveys| X-rays:bursts
1. Introduction
1.1. TransientObjectAstronom y
W ith the progress ofm odern physics and astronom y,
ouroutlook on theuniverseisdram atically changingfrom
the stationary universe to the dynam ic, ever changing,
universe. The dynam icalphenom ena in the universe ap-
pearasvariationsatvarioustim e-scalesranging from the
cosm ologicalevolutionarytim escaletolessthan am ilisec-
ond.Thesetim e-variationsarebecom ing actually observ-
able with the adventofthe m odern observing equipm ent
and technology. Am ong them , tim e-variations arising
from extrem e gravity asbestexem plied by black holes,
and from degenerate objects,such as white dwarfs and
neutron stars,havebeen receivingextrem eattention from
variouseldsofm odern science,asthenaturallaboratory
ofgeneralrelativity and quantum m echanics,which best
representtheglorioussuccessofthe\century ofphysics".
Ascan beeasily expected from theextrem econditions,
astronom icalphenom ena under strong gravity or in de-
generateconditionshaveextrem ely shorttim e-scales,and
are known to be usually very unpredictable. These as-
tronom ical phenom ena are now generally called \tran-
sient phenom ena",or referred to as \transient objects".
The conceptoftransientobjectastronom y appeared very
late in the history ofastronom y and now ourishing as
a new m odality ofastrophysicalresearch.1 This success
greatly owed to the recentgreatadvancem entofobserv-
ingm odalities,inform ation technologyand com putational
astrophysics. The Variable Star Network (VSNET),the
objectiveofthisreview,isoneoftheearliestand m ostsuc-
cessfulinternationalgroupsthatled tothem odern success
oftransientobjectastronom y.
1 A sshown in A ppendix 1,theV SN ET istheearliestgroup which
began using the term transientobjectsin the presentcontext of
astronom icalsignicance.
2 T.K ato etal. [Vol.,
1.2. New W indow to TransientObjectAstronom y
In the research history oftransient object astronom y,
there were two m ajorbreakthroughsin the early 1990’s.
The one isthe developm entofeasy availability ofCCDs
and personalcom puters,and the other is the advent of
the internet. These two breakthroughsplayed a key role
in establishing transient object astronom y as one ofthe
m ostpopularcontem porary astronom y topics.
From the traditional viewpoint, CCDs were usually
used asa \faint-end" extension ofthe form erphoton de-
tection m ethods,e.g.photoelectric and photographicob-
servations. This naturally led to a pursuit ofobserving
fainter stars on long-exposure CCD im ages (cf. Howell,
Szkody 1988; Szkody et al. 1989; Howell et al. 1990;
Howelletal.1991).
The founder of the VSNET was one of the rst to
breakthistradition,and wasvirtuallytherstperson who
system atically turned m odern CCD equipm entto bright,
transientobjects,such asclassicalnovaeand outbursting
dwarfnovae(the bestexam plesbeing K ato,Hirata 1991;
K ato 1991b; K ato, Takata 1991, see the later sections
for their scientic achievem ents). The traditionaltim e-
resolved observations ofclassicalnovae and outbursting
dwarfnovaewere alm ostrestricted to so-called target-of-
opportunity(TO O )observations.Thebesttraditionalex-
am plesinclude the 1978 outburstofW Z Sge (Patterson,
M cG raw 1978;M attei1980;Patterson et al.1981),and
the 1986 outburst of SW UM a (Robinson et al.1987).
Thiskind ofobservationswasusually severely lim ited by
the telescope tim e allocation,and m any im portanttran-
sient phenom ena (e.g. the 1985 historicallong outburst
ofU G em : Cannizzo etal.2002)faded away withoutre-
ceiving sucientobservationalcoverage.Traditionalpro-
posalsfortelescope tim e werealso lim ited becauseofthe
transient and unpredictable nature ofthese phenom ena;
there is no guarantee that there is a suitable transient
targetatthe tim e ofallocated observation. Forthisrea-
son,system aticobservationalresearchin theseobjectswas
severely restricted to short-period,lessunpredictable ob-
jects,with an enorm ouseortofworld-widecoordination
(e.g.VW Hyi:Schwarzenberg-Czernyetal.1985;Pringle
etal.1987;YZ Cnc:van Paradijsetal.1994).
Tim ely circulation ofalertson transientobjectsorphe-
nom ena isalso crucially im portant,particularly forTO O -
type observation. Before the wide availablity ofthe in-
ternet,the typicalway ofcom m unicating such alertswas
a phone callfrom an observer (usually an am ateur as-
tronom erwatching variablestars)to a variablestarorga-
nization,which wastypically relayed (with som edelay)to
localobserversforconrm ation.Theinform ation,ifitwas
recognizedasparticularlyim portant,wasthen distributed
to world-wideobserversusually from the CentralBureau
ofAstronom icalTelegram s(CBAT)via telegram s,direct
phone calls,or slow postcards. It usually took,even in
bestcases,a day orm ore before thiscrucialinform ation
wasrelayed totheactualobserverundertakingaTO O ob-
servation.Theearlystageoftransientobjectswasusually
m issed because ofthisdelay. Forexam ple,the detection
ofthe1986historicaloutburstofSW UM awasrelayed via
an astronom icaltelegram only when theobjectreached a
historicalbrightnessofV  9,although the outburstwas
initially reported  1.5 below the peak brightness. There
had been very few early stage observations(i.e. within a
day oftheeventdetection)oftransientobjectsbeforethe
1990’s.
1.3. Early Public Electronic Com m unication
Thissituation drasticallychanged with thepublicavail-
ability ofthe internet. In the early tim es (around 1990{
1991),there were only sporadic internetcom m unications
on observations,m ainlyviapersonale-m ailsand on public
bulletin board system s.Thisstrategyworked slightly bet-
terthan in thepast,thesituation wasbasicallyunchanged
in thatm ostofobservershad to rely on occasionalcom -
m unicationsora slow accessto newsm aterials.
From thenecessityofpubliclyand electronicallydissem -
inatingurgentastronom icalphenom ena,thereappearede-
m ailexploders(m ailing lists).TheScandinavian varstars
listand the(m ainly)professionalnovanetby theArizona
State University team played an early im portant role in
publicly relaying inform ation on transientobjects.2 The
early-tim e progressofthese electronic com m unicationsis
sum m arized in the vsnet-history list.3
Thescienticroleofwide-availabilityofthesee-m ailex-
ploderswasrecognized upon theappearanceofSN 1993J
in M 81 (Ripero et al. 1993; Pease 1993). This su-
pernova showed an unusual early-tim e light curve and
a spectral transition from a type-II to type-Ib super-
nova (Nom oto etal.1993;Swartz etal.1993;Filippenko
et al.1993a; Podsiadlowskiet al.1993). In com m uni-
cating nightly rapid changesand distributing m ostup-to-
date observation strategies,the e-m ailexploders played
a m ore crucialrole than ever. Another advantage ofe-
m ailexploders as a standardization toolofobservations
becam e evident (gure 1). Early-tim e non-standard ob-
servationswerequickly corrected using the updated pho-
tom etriccom parison stars,and questionableobservations
were exam ined real-tim e to clarify the cause. This led
to a hugeworld com pilation ofSN 1993J photom etry up-
dates (see gure 2) contributed by a num ber of volun-
teers,including the VSNET founder.4 Thishigh-quality,
uniform com pilation ofreal-tim eobservationsgreatlycon-
tributed to real-tim e theoreticalm odeling ofthis object
(e.g. Nom oto et al. 1993), spectroscopy (e.g. Baron
etal.1993;Taniguchietal.1993;Clocchiattietal.1995;
Tram m ellet al.1993a) and photom etry (e.g. van Driel
etal.1993;W heeleretal.1993). W e published ourown
results in O kyudo et al.(1993). W e also contributed to
a num berofInternationalAstronom icalUnion Circulars
(IAUCs) (K ato, Hanzl 1993; Zim m erm ann et al. 1993;
K ing et al. 1993; Filippenko et al. 1993b; Tram m ell
2 Both networks do notexistatpresent.
3
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-history/
m aillist.htm li.
4 The nalversion ofthe \photom etry update" is publicly avail-
able athftp://vsnet.kusastro.kyoto-u.ac.jp/pub/vsnet/SN e/
sn1993j/sn.m agi
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Fig.1. Circulated electronic chartofSN 1993J (issued on 1993 A pril13)showing V -band com parison starsforstandardization.
et al.1993b;Hu et al.1993). The com plete history of
thisSN 1993J story can be also seen in the vsnet-history
archive.
1.4. Opening ofthe Electronic Era ofTransientObject
Astronom y
Upon the recognition ofthe im portance ofe-m ailex-
ploderson the occasion ofSN 1993J,m oresystem atic ef-
forts were taken to standardize the com m unication and
data reporting m ethod. In relation to reporting obser-
vations,we started widely dissem inating observations of
regular variable star observations, m ainly subm itted to
the Variable StarO bserversLeague in Japan (VSO LJ),5
and those personally reported to us. People started rec-
ognizing the scientic im portance ofwidely dissem inat-
ing regular observations,which can be readily reected
on scheduling new observations. New ndings based on
widelyreported observations(e.g.superhum p detection of
a dwarfnova)were also relayed real-tim e,which worked
as a positive feedback to originalobservers. The proto-
type of VSNET-type e-m ail exploders was thus estab-
lished in 1993. The next m ajor astronom icalevent at
this stage ofthe history was the discovery ofNova Cas
1993 (V705 Cas). This nova showed considerable degree
ofearly-tim e uctuations,aswellasa laterdust-form ing
episode.During allofthe stagesofevolution ofthe nova
explosion,thedata circulating strategy established atthe
5
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/V SO LJ/vsolj.htm li
and see hhttp://vsolj.cetus-net.org/i for the V SO LJ Variable
Star Bulletin page.
tim e ofSN 1993J played an im pressive role:the com pre-
hensivecom pilation ofV705Casby Yasuto Takenaka(see
gure 3)wascited in a Nature paper(Shore etal.1994)
as best authenticated opticalrecord of this nova. The
nova waslatereven sym bolically called an electronic nova
(Pepin 1995),representing the opening ofnew electronic
era oftransientobjectastronom y.
1.5. Establishm entofVSNET
The inform ation ofthese transientobjectsand regular
variable starobservationswasinitially relayed m anually,
or relayed on existing less specied e-m ailexploder sys-
tem s.In 1994,ourown e-m ailexplodersystem (VSNET)
started working.Thisservicesm oothly took overthepast
m anuale-m ailannouncem ent system s,and im m ediately
received wide attention both from am ateur and profes-
sionalcom m unities. The establishm ent of the VSNET
thus becam e the \prototype" of world-wide am ateur-
professionalcollaborationsbased on publice-m ailcom m u-
nication.Thisinitiativelaterled to a ourishing VSNET
Collaboration (section 4).Theearly history wasreviewed
by D.Nogam iet al. (1997) in \Electronic Publishing,
Now and the Future", Joint Discussion 12 of the 23rd
IAU G eneralAssem bly.Considering thehistoricalsigni-
cancein theadventoftransientobjectastronom y and the
currentunavailability ofthisdocum entin a solid publica-
tion,we reproduce the presented contentsin Appendix 1
(in order to preserve the originalcontents,we only cor-
rected m inortypographicalerrors).The VSNET m ailing
listsystem now hasm orethan 1300subscribersfrom m ore
4 T.K ato etal. [Vol.,
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Fig.2. Light curve ofSN 1993J,drawn from the \SN 1993J photom etry update" (see text). The Large and sm alldots represent
(nearly)V -band and visualobservations.
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Fig.3. Light curve ofV 705 Cas (N ova Cas 1993),covering the rise and the \great fade",and rebrightening phases,drawn from
the observations circulated through the early developm ent ofthe V SN ET.The dots and open circles represent visualand photo-
graphic/CCD observations,respectively.
than 50 countriesalloverthe world.
2. V SN ET as a M odern-D ay \Electronic
Variable Star O rganization"
2.1. HistoricalDevelopm entofthe Electronic Reporting
System
During the very initialstageofthe developm entofthe
VSNET,wesim ply relayed observationstothosewho(po-
tentially)need thedata.However,itsoonbecam eevident,
from the experienceswith SN 1993J and V705 Cas(sub-
section 1.3), that there is a need for a newly designed
reporting system adapted for electronic data exchanges.
Since we already had sucient experience with relaying
VSO LJ reportsto theworld-widevariablestarobservers,
itwasa naturalsolution to extend the VSO LJ form atto
an internationalversion. Thischangeswere m inim al,by
introducing UniversalTim e (UT)-based system and the
extension ofcoding system ofobservers. The details of
the reporting system isdescribed in Appendix 2.
By globally collecting data,wesoon recognized thene-
cessity forsetting up a dedicated e-m aillistforreporting
observations,vsnet-obs.6 The alert list vsnet-alert7 was
prepared at the sam e tim e, which has been one ofthe
m ost renowned and reliable sources ofnoteworthy phe-
nom ena ofvariable stars and transient objects,and the
m essagesin vsnet-alerthave been frequently cited in the
professionalliterature as the prim ary source ofinform a-
tion (e.g.Downesetal.1997;Downesetal.2001;Ritter,
K olb 1998;Ritter,K olb 2003;K ube etal.2003).
6
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-obs/
m aillist.htm li. Because of the large num ber of articles, the
online archive is subdivided; see hhttp://www.kusastro.kyoto-
u.ac.jp/vsnet/M ail/index.htm li. for the com plete m essage
archive.
7
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-alert/
m aillist.htm li.
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2.2. Standardization
The VSNET played an im portantrole in standardiza-
tion ofvariablestarobserving.Thereareseveralstepsin
standardization: (1)standardization ofreporting form at
(see subsection 2.1), (2) standardization of com parison
stars,and other m inor steps. In standardizing com par-
ison stars,theVSNET group alsotook an initiativein the
history oftransient object astronom y. The earliest ex-
am ple includes SN 1993J and classicalnovae,for which
reliable CCD-based (or som etim es photoelectric) com -
parison star sequences were determ ined and distributed
through the VSNET lists.Beforethisstandardizating ef-
forts were taken,the nova researchers had to cope with
often unreliableearly reportsin IAUCs,which wereoften
based on various sources ofcom parison stars with noto-
riously diverse photom etric quality. W ith the advent of
theVSNET,them odern-day nova observationshavenow
becom e as reliable as those ofother variable stars with
well-established com parison starsequences.The VSNET
group hasbeen payingattention tothequality oftheorig-
inaldiscovery reports,and haveissued severalm agnitude
updatessupersedingtheIAUC announcem ents.Thesam e
eorthasbeen taken forsupernova photom etry,although
the faintnessand the large num ber ofthe targetobjects
havem adeita m orediculttask than in classicalnovae.
In observation of (non-transient) ordinary variable
stars,the VSNET took the initiative to standardize the
com parison star m agnitudes to the m odern V system ,
from variousold system sincludingthetraditionalHarvard
visualphotom etric system .The eortwasinitially taken
to revise the faint-end m agnitudes for cataclysm ic vari-
ables(CVs)and peculiarvariablesusing theCCD cam era
atO uda Station,K yoto University (O htaniet al.1992).
These results were continuously released as \VSNET
charts" through the VSNET lists (see gure 4). Several
independentcontributed eorts,by RafaelBarbera(G rup
d’Estudis Astronom ics)8,and Fraser Farrell(Astronom y
Society of South Australia),9 as well as those by the
VSNET adm inistrator team , were m ade to write soft-
ware packages to graphically display this VSNET chart
form at.Brian Ski hasbeen continuously contributing to
the VSNET in photoelectrically standardizing sequences
for selected variable stars; this initiative was globally
taken overwith theCCD works,notably by ArneHenden
and Bruce Sum ner.10 These standardized sequencesand
chartshaveown listsvsnet-sequence and vsnet-chart.11
Forthebrightend,wewerethegrouptorstextensively
useHipparcosand Tychom agnitudesattheearliestepoch
(1997)ofthepublicreleaseofthesecatalogs.W eim m edi-
ately m adepublicvariablestarchartsbased on Hipparcos
and Tycho m agnitudes.12 Since then, this adoption of
8
hhttp://www.astrogea.org/i.
9
hhttp://www.assa.org.au/i.
10
hftp://ftp.nofs.navy.m il/pub/outgoing/aah/sequence/sum ner/i.
11
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-sequence/m aillist.htm liand hhttp://www.kusastro.kyoto-
u.ac.jp/vsnet/M ail/vsnet-chart/m aillist.htm li.
12
hftp://vsnet.kusastro.kyoto-u.ac.jp/pub/vsnet/charts/H IPTY C/i
the standard V -band system (selected for B   V colors)
for visualphotom etry has been gradually becom ing the
globalstandard. Since the public release ofTycho-2 cat-
alogue,this standard was extended to a slightly fainter
m agnitude.13
Forpoorly observed faintobjects,we also took an ini-
tiative(vsnet-chat700,in 1998)14 to calibrateUSNO cat-
alog m agnitudessincetheearly releaseoftheUSNO A1.0
catalog (M onet et al.1998a). This calibration has been
widely used,when an alternative sequence isnotreadily
available.
2.3. Collaboration with the VSOLJ
From thevery beginning ofitshistory,theVSNET has
been in continuous collaboration with the VSO LJ.The
activity includeshosting the VSO LJ alertand discussion
m ailing lists, distributing the VSO LJ reports and pre-
diction ofvariable stars,and hosting the public VSO LJ
database and light curves (see subsection 3.2). A part
ofstandardization schem es(subsection 2.2)hasbeen de-
veloped in collaboration with the VSO LJ adm inistrator
group (see also Appendix 2) and through a discussion
with world-widevariablestarleadersattheInternational
VSO LJ M eeting held in conjunction with the 23rd IAU
G eneralAssem bly.
The other pioneering aspect of the VSNET{VSO LJ
collaboration was the introduction of CCDs for CV
photom etry. This work was m ainly done in col-
laboration with M akoto Iida, who took the world
initiative to m onitor faint CVs with a com m ercial
CCD. This collaboration led to fruitful scientic re-
sults (NY Ser: Iida et al. 1995b; DV Dra: Iida
et al.1995a;BC UM a,see hhttp://www.kusastro.kyoto-
u.ac.jp/vsnet/DNe/bcum a.htm li). These successful re-
sultsweredem onstrated in anum berofinternationalcon-
ferences,includingthePadovaCV Conferencein 1995and
theK eeleCV Conferencein 1997,and theresultsbecam e
gradually digested by the professionalcom m unity. This
pioneeringam ateur-professionalcollaboration in transient
objectsand CVsnally led tothem ostsuccessfulVSNET
Collaboration (section 4), and the strategy was taken
over,albeit with a lesser degree ofthe original\avor"
ofam ateur-professionalrelationsand publicity policy,by
a num beroffollowing world-widegroupswith thesim ilar
strategies.
2.4. Collaboration with the Southern Hem isphere
Observers
Since the VSNET service initially started with the co-
ordinating role am ong m ostly northern hem isphere ob-
servers,therewereinitially few reportsfrom thesouthern
observers.W ith the outstanding activity ofthe VSNET,
there arose a num ber of requests from professionalas-
tronom ers who were planning for TO O observations of
southern dwarf novae. This situation has been gradu-
13
hftp://vsnet.kusastro.kyoto-u.ac.jp/pub/vsnet/charts/
Tycho-2/i
14
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-chat/
m sg00700.htm li
6 T.K ato etal. [Vol.,
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Date:  September 14.42, 1996 Exposure Time:  30 s Calibration:  (V mag)
Device:  60cm Reflector + V -band CCD photometry (Ouda Station, Kyoto University)
1164
1231
1258
1279
1297
1310
1313
1317
1325
1327
1335
1341
1341
1352
1356
1364
1369
1373
1374=GM Sgr?
1377
1378
1381
1384
1402
1402
1473=D&S
Fig.4. Exam ple ofV SN ET chart issued in 1996. The object is G M Sgr (currently renam ed as V 4641 Sgr;note that this chart
provided the corrected identication againstthe previouspublication).The availablity ofa chartwith the correctly identied object
enabled the discovery ofthe giantoutburst in 1999 (see subsection 6.4.1).
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ally and progressively im proved by increasing contribu-
tions from the southern observers, particularly by the
m em bersofRoyalAstronom icalSociety ofNew Zealand
(RASNZ).15 By now,thesecontributions,notably by Rod
Stubbings,haveenabled a num berofrareoutburstdetec-
tionsand early circulation ofthesephenom ena.Together
with the collaboration with southern CCD observers,the
scientic achievem ents oftransient object astronom y in
the southern hem isphere isexplosively growing (e.g. m i-
croquasar V4641 Sgr: Stubbings,Pearce 1999;Uem ura
etal.2002d;Uem uraetal.2002h,southern SU UM a-type
dwarfnovae: K ato etal.2003h;K ato etal.2003b;K ato
etal.2003d),which willbe reviewed in latersections.
M ostrecently,westarted collaboratingwith theNagoya
University team for identifying X-ray transients (see
subsection 6.4) with the Sim ultaneous-3color InfraRed
Im ager for Unbiased Survey (SIRIUS) cam era installed
at the Infrared Survey Facility (IRSF)16 situated at the
South African Astronom ical O bservatory, Southerland,
South Africa. Several scientic achievem ents have al-
ready been issued (K ato etal.2003a;Baba etal.2003a;
Nagata et al.2003). A work on V359 Cen in collabora-
tion with the M icrolensing O bservationsin Astrophysics
(M OA) project17 team has been also published (K ato
etal.2002k).
3. W orld-W ide W eb and A nonym ous FT P
Service
3.1. HistoricalDevelopm ent
From the very beginning ofthe VSNET,allm essages
posted to VSNET public m ailing lists are opened to the
public.A m essagecan berelayed (unlessthesenderother-
wisespeciestheusage)tothird-partym em bers,orcan be
posted to a dierentm ailing listora publicnewsservice.
In the earliesttim es,these m essageswere archived (they
weresom etim esm adepublic)atindividualreceivers.
From the necessity ofpublicly providing standardized
chartsand related m aterials(see subsection 2.2),we ini-
tially used privateanonym ousftp serviceoperated atthe
Departm ent ofAstronom y,K yoto University. This was
replaced by the ocial VSNET anonym ous ftp service
in 1995 July. Contributed program s,notably VSNCHT
written byRafaelBarbera,tographicallydisplayVSNET-
form atchartswerem adepublicfrom thestartoftheser-
vice. M agnitude sum m aries ofselected objects such as
new novae,ourown and contributed CCD im agesofout-
bursting dwarfnovae were soon m ade available through
the anonym ousftp service.
W e set up the ocial VSNET W orld-W ide W eb
(W W W ) service18 in 1995 June. The web pages have
been continuously updated, particularly in announcing
newly discovered transientobjectphenom ena.Even dur-
ing theseupdates,wehavepaid alloureortsto preserve
the originalURLs for future reference;alm ost allpages
15
hhttp://www.rasnz.org.nz/i.
16
hhttp://www.saao.ac.za/facilities/irsf/irsf.htm li.
17
hhttp://m oa.scitec.auckland.ac.nz/i.
18
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/i.
thatexisted in the pastcan be tracked with the original
URLseven now.Theotherdesign oftheVSNET W W W
system wasin the com bined usage ofthe W W W and ftp
services.In the earliesttim es,notallinternetuserswere
able to use window-based browsers.W e havethussetup
two ways (W W W and anonym ous ftp) ofaccess to the
desired data.W ith thisfeature,a userisable to getnec-
essary im ages or program s even without a browser or a
fast internet connection. This feature becam e,however,
less im portant with the wide availablity ofthe window-
based browsers.Theftp servicesoon included a com plete
archiveofthe VSNET m ailing listm essages.
In 1997 April,we started public W W W service ofall
archivalm essagesposted totheVSNET lists.TheW W W
archive isautom atically updated by using the M HonArc
system .19 W eonceim plem ented theNam azu-based20 full-
textsearch engineon theVSNET W W W service,butthis
wasdiscontinued becausepublicly availablesearchengines
now haveequivalentfunctions.
3.2. Public LightCurve Archive
W ith the developm ent ofthe VSNET W W W service,
we started public light curve archive service in 1996
August.21 These light curves are drawn and regularly
updated from vsnet-obsreports,which wereincorporated
into the VSNET database(Appendix 2).Atpresent,the
regularupdates ofthese (static) light curvesarchive are
perform ed byaJavaT M -based lightcurvegeneratorengine
wrapping the Linux-based VSNET databasesystem .
The VSNET light curve archive also hosts light
curvesdrawn from theVSO LJ and Association Francaise
des O bservateurs d’Etoiles Variables (AFO EV)22 pub-
lic database,by courtesy ofthe respective organizations.
Theselightcurvescan beeasily reached from theVSNET
top page,aswellasfrom the AFO EV website.
W e also im plem ented individualvariable star pages23
generated from theG CVS electronicedition.Thesepages
providehandy linksto thelightcurves(VSNET,VSO LJ,
AFO EV) and links to the relevant pages and charts on
the VSNET.
3.3. Data Search Engine and LightCurve Generator
Soon afterthe establishm entofthe data reporting sys-
tem ,we also im plem ented a Com m on G ateway Interface
(CG I)-based data search enginein 1996 June.24 Thisser-
vice returns the observations ofa specied variable star
selected from the VSNET public database,which is co-
herently updated from theregularvariablestarreportsto
the VSNET.This type ofinteractive variable star data
browserwastherstonein theworld,and becam ea pro-
19
hhttp://www.m honarc.org/i.
20 The N am azu full-text W W W -based search engine was devel-
oped by one of the V SN ET adm inistrators, H ajim e Baba.
This is one of the best used system s am ong search en-
gines for non-com m ercial, personal or academ ic uses. See
hhttp://www.nam azu.org/i forthe N am azu project.
21
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/LCs/index.htm li.
22
hhttp://cdsweb.u-strasbg.fr/afoev/i.
23
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/gcvs/index.htm li.
24
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/etc/searchobs.htm li.
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totypeofthesubsequentsim ilarservices.Thisinteractive
datasearch enginehasbeen widelyused and frequentlyre-
ferred in the professionalliterature.A num berofW W W
services, including the well-known \Latest Supernovae"
page25 byDavid Bishop,provideslinkstom ostup-to-date
com pilationsofvariablestarreportsby directly referring
to the VSNET data search engine. This W W W -based
data search engine providesthe m odern-day extension of
the early-tim em agnitudesum m aries(subsection 1.4).
In 1998M arch,thisVSNET datasearch enginefurther-
m orestarted providing a JavaT M applet-based interactive
lightcurveinterface,26 with which ausercan freelybrowse
the data (both VSNET and VSO LJ observations)with a
graphicaluserinterface(G UI).Thiswasoneoftheearliest
JavaT M applicationsin public astronom icalservice.
4. V SN ET C ollaboration
4.1. VSNET as W orld Center of Tim e-Series
ObservationsofCVs
As described in section 2.3,the VSNET played a pi-
oneering and essentialrole in establishing a new m odal-
ity ofinternet-based am ateur-professionalcollaboration.
This direction was one ofthe m ain aim s ofthe VSNET
from the very startofitsinternetpresence.
Am ong various kinds of variable stars, CVs are the
\canonical" classoftransientobjects,asbriey reviewed
in subsection 1.2.W ith the com m on interestin CVsand
related system s,theVSNET am ateur-professionalcollab-
oration originally m ainly focused on CVs,especially on
unpredictable outbursts ofdwarfnovae. The actualcol-
laborativestudieswere doneon the existing VSNET list,
m ost frequently on vsnet-alert and vsnet-obs. In m ost
cases,real-tim ereportsofvisualdetectionsofoutburstsin
dwarfnovae,usuallyaftersom evericationprocessinvolv-
ing the VSNET adm inistratorteam ,triggered the actual
observingcam paigns.Thisprocesswasusually perform ed
within severalhours and a day of the detection. This
prom ptreaction toeventtriggersoftransientobjectslater
enabled an ecientreaction to gam m a-ray burst(G RB)
triggers(section 6.15).TheuniquefeatureoftheVSNET
cam paignson transientobjectsisthatthey area collabo-
rativeeortbetween visualobserversand CCD observers.
The VSNET ishistorically the rstorganization thatre-
alized the high productivity involving traditionalvisual
variable star observations, although this im portance in
transient object astronom y had long been stressed and
had been a dream am ong researchers.
Theearly-tim esuccessfulcooperativeworksinclude:re-
current nova V3890 Sgr (K ato et al.1990,phone call),
detection ofsuperhum ps in AQ Eri(K ato 1991a,phone
calland e-m ail),detection ofsuperhum ps in V1251 Cyg
(K ato 1991b; K ato 1995a,phone calland e-m ail),W X
Cet in 1991 (K ato 1995f independent detection and e-
m ail),EF Peg(K ato,Takata1991;K ato2002c,phonecall
and e-m ail),HV Vir in 1992 (K ato et al.2001l,e-m ail),
25
hhttp://www.rochesterastronom y.org/snim ages/i.
26
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/etc/drawobs.htm li.
SW UM a in 1992 (K ato etal.1992a,phone call). Since
then,m ostinform ation isrelayed by e-m ailand e-m ailex-
plodersystem s(m ostofthe workswere conducted upon
response to real-tim e outburst detection alerts reported
through the VSNET):V344 Lyr(K ato 1993),HY Lup =
Nova Lup 1993 (K ato etal.1993b),AK Cnc (K ato 1994;
M ennickentetal.1996),T Leo (K unjaya etal.1994),K V
And (K ato et al.1994),AY Lyr (Nogam iet al.1994),
CY UM a (K ato 1995b),K V And in 1994 (K ato 1995c),
FO And (K ato 1995d), TT Boo (K ato 1995e), discov-
ery ofER UM a (K ato,K unjaya 1995),which willbe de-
scribed in subsection 6.1,PU Per(K ato,Nogam i1995),
HS Vir(K ato etal.1995d),G O Com (K ato etal.1995c),
DH Aql (Nogam i, K ato 1995b), V1159 O ri (Nogam i
et al.1995a),HV Aur (Nogam iet al.1995b),V725 Aql
(Nogam iet al.1995d,own detection),RZ LM i(Nogam i
et al. 1995c), V1028 Cyg in 1995 (Baba et al. 2000).
This continuous stream of scientic reports based on
the VSNET am ateur-professionalcooperationsbroughta
greatim pacton the com m unity (Liller1996).
During this early-epoch collaborative works through
the VSNET,severalnoteworthy rare (typically once in a
decadeto severaldecades)phenom ena occurred and were
studied in unprecedented detailthrough theVSNET:AL
Com in 1995 (M atteiet al.1995;Nogam i,K ato 1995a:
the outburst was detected by an AAVSO m em ber,soon
relayed to the VSNET,which enabled the detection of
\early superhum ps", which are observed only for sev-
eral nights after the start of the outburst. See K ato
etal.1996b;Nogam ietal.1997aforoursum m ariesofthis
event).27 Thisinform ation on theVSNET furtherenabled
extensivefollow-up studiesby dierentgroups(Patterson
et al.1995a;Patterson et al.1996;Pych,O lech 1995a;
Pych,O lech 1995b;Howelletal.1996;Szkodyetal.1996).
The 1996{1997 outburst of EG Cnc (Schm eer et al.
1996) was a great surprise. This outburst was detected
by Patrick Schm eer, a VSNET m em ber, and im m edi-
ately relayed through theVSNET alertsystem .Together
with theearlydetection ofearlysuperhum ps(M atsum oto,
Schm eer1996;M atsum oto etal.1998),theobjectshowed
an unexpected sequence ofpost-superoutburst rebright-
enings(K ato etal.1997). Thisunexpected phenom enon
wasdiscovered by ourselvesand the collaborative eorts
through the VSNET.28 Thisdetection ofthe spectacular
rebrightening phenom enon,which m ostclearly illustrated
the power ofreal-tim e inform ation exchange,also led to
a num ber ofobservationaland theoreticalpapers(O saki
etal.1997;O sakietal.2001;Pattersonetal.1998;Szkody
et al.2000;Szkody et al.2002a). This im pressive phe-
nom enon exhibited to the public,through the VSNET,
27 The fulldetails ofthe phenom enon, m ade public in the K eele
CV Conference in 1996 (K ato et al. 1996c), can be seen at
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/D N e/alcom 1.htm li.
The star was nom inated as the \star of the year" in this
conference.
28
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/D N e/egenc.htm li.
It was our greatest pleasure that a num ber of speakers in
the W yom ing CV Conference in 1997 presented this V SN ET
webpage as representing the m ost unusualactivity of a dwarf
nova.
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the \real-tim escience" in the m aking.
The1999outburstoftherecurrentnovaU Sco(Schm eer
et al. 1999; gure 5) again illustrated the ability of
the internationalalert network system provided by the
VSNET.29 The outburst detection was m ade by Patrick
Schm eer, and the alert was im m ediately dissem inated
through the VSNET. W ith this quick notication, a
very stringentupperlim itbecam e im m ediately available,
which was obtained only less than four hours before the
outburstdetection.Theearly newsenabled an Am erican
observerto catch the realopticalm axim um (m v = 7.6),
which was m ore than one m agnitude brighter than had
been supposed forthisrecurrentnova.Itisvery likely the
delays in delivering inform ation were partly responsible
fortheunderestim ateofthem axim um m agnitudesin past
outbursts. Alm ost allim portant ndings near the m ax-
im um light (within one day ofdetection) were obtained
beforetherelevantIAUC wasissued.TheVSNET collab-
orativestudy on thisoutburstadditionally led totherst-
everdetection ofeclipsesduringtheoutburst(M atsum oto
etal.2003b;Hachisu etal.2000a;Hachisu etal.2000b).
This outburst again produced a rich scientic outcom e
from various researchers (K ahabka et al. 1999; Lepine
et al. 1999; M unari et al. 1999; K iyota 1999; Ikeda
etal.2000;Anupam a,Dewangan 2000;Evansetal.2001;
Iijim a 2002):when com pared to theresultsfrom previous
outbursts(1979: Barlow etal.1981;W arner1979,1987:
Rosino,Iijim a1988;Sekiguchietal.1988),the1999result
could beeven referred to asthe\victory in theelectronic
era" oftransientobjectastronom y.
After experiences with these, and other spectacular
transientphenom ena(which willbereviewedin section 6),
wesetup new lists(vsnet-cam paign30 and othersublists),
which prim arily dealwith cam paignson selected targets.
W ith theestablishm entofthesededicated lists,westarted
referring to our am ateur-professionalworld-wide collab-
oration group as VSNET Collaboration. This (not too
tightlybound)grouphasbecom eharboringsubsequentin-
tensivestudiesundertaken in theVSNET.Figure6 shows
the globaldistribution ofcontributors.
4.2. VSNET Cam paign Listsand Sum m aries
The VSNET cam paign listand sublistswere thuspro-
gressively established since 2000, encapsulating a wide
rangeoftransientastronom icalphenom ena.TheVSNET
cam paign lists are subdivided into categories based on
object classes (e.g. vsnet-cam paign-dn for dwarfnovae,
vsnet-cam paign-xray for X-ray binaries). M ost recently,
following the discovery of very unusualobjects or phe-
nom ena ofpublic interest,we som etim es set up a sepa-
rate list focused on single objects (e.g. vsnet-cam paign-
v4641sgr31 for the m icroquasar V4641 Sgr (subsection
29
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/N ovae/usco.htm li.
30
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign/m aillist.htm li.
31
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-v4641sgr/m aillist.htm li.
6.4),vsnet-cam paign-v838m on32 forthem ostunusualstel-
larexplosion (V838 M on)with an astounding lightecho,
vsnet-cam paign-sn2002ap33 forthe nearesthypernova SN
2002ap (see subsection 6.5). These new featuresenabled
interested theoreticiansto share real-tim e inform ation of
thesem ostunusualobjects.Thenum berofVSNET cam -
paign individuallistsis36 (2003 August).
Sum m aries of the activities of the VSNET
Collaboration have been com piled by M akoto Uem ura
and issued on a weekly basis(VSNET cam paign news).34
This inform ation has been sum m arized as a yearly
review of the activity of the VSNET Collaboration.35
These VSNET cam paign news and sum m aries com prise
an im portant (authorized) part of the nearly real-tim e
contribution from the VSNET to the otherorganizations
(section 4.3),and are som etim escited in them selvesasa
convenientrecord ofthe activitiesofparticularobjects.
NowadaystheVSNET cam paignsarem oreorlesscon-
tinuously undertaken.In orderto inform the currenttar-
getsofinterest,wehaverecently setup a notication list
vsnet-cam paign-targetto cam paign contributors.
4.3. Contribution to OtherW orld-W ide AlertSystem s
From the very startofthe AstroAlertsystem 36 m ain-
tained by the Sky Publishing Co.,the VSNET hasbeen
nom inated asoneoftheauthorized inform ation providers.
W enow regularly contribute\Newsfrom VSNET" tothis
alertsystem ,prim arily notifying the transientastronom -
icalphenom ena ofcurrentinterest. W e also occasionally
issue alerts on particularly urgent phenom ena and nova
discoveries. The newshave been relayed to the AAVSO ,
the astro-lm ailing list,and are widely distributed asthe
prim ary source ofinform ation on transient astronom ical
phenom ena.
5. Variable Star R elated A ctivities
In addition to m ain scientic achievem ents(section 6),
the VSNET group hasbeen engaged in variousactivities
in theeld ofvariablestarsand variablestar-related m at-
ters.Hereweshow ourrepresentativeactivities.
5.1. Variable StarIdentications
The VSNET group has been historically engaged in
providing updated inform ation to theG eneralCatalogues
ofVariable Stars (G CVS:K holopov et al.1985a;Sam us
et al. 2000; Sam us’ et al. 2002; Sam us’ et al. 2003;
K azarovets et al. 1998) team ,37 and provided a large
am ount of variable star identications and suggestions,
m ainly based on exam ination ofthe historicalliterature
with the m odern technology. The presentm ost relevant
32
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-v838m on/m aillist.htm li.
33
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-sn2002ap/m aillist.htm li.
34
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-news/m aillist.htm li.
35
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/Sum m ary/i.
36
hhttp://skyandtelescope.com /observing/proam collab/astroalert/i.
37
hhttp://www.sai.m su.su/groups/cluster/gcvs/gcvs/i.
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Fig.5. Lightcurve ofthe 1999 outburst ofthe recurrentnova U Sco from V SN ET observations.
Fig.6. G lobaldistribution ofobservers ofV SN ET Collaboration. The large and sm all\burst" m arks represent regular and occa-
sionalparticipantsto CCD photom etric cam paigns.The num beroflled squaresrelative num bersofrepresent(prim arily)visualor
photographic observations from various regions ofthe earth.
lists are vsnet-id and vsnet-gcvs38,which dealwith vari-
able star identications and the G CVS revision project,
respectively. The identications reported to vsnet-id are
also relayed to the SIM BAD 39 oce. There is a se-
riesofsolid paperson system atic variablestaridentica-
tions(K ato 1999b;K ato 1999c;K ato 1999d;K ato 1999g;
K ato 1999h; K ato 1999i; K ato 1999j; K ato 1999k;
K ato2001j).Therehavealsobeen collaborationswith the
M ultitudinousIm age-based Sky-surveyand Accum ulative
O bservations (M ISAO ) project,40 which used their own
CCD im ages to identify variable objects near the cata-
38
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-id/
m aillist.htm liand hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/
M ail/vsnet-gcvs/m aillist.htm li.
39
hhttp://sim bad.u-strasbg.fr/Sim badi
40
hhttp://www.aerith.net/m isao/i.
loged positions(Yoshidaetal.1999a;Yoshidaetal.2000b;
Yoshida et al. 2000c; Yoshida et al. 2000a; Yoshida
etal.1999b). These collaborative workswere conducted
also in collaboration with the VSO LJ.
In identifyingvariablestars,ourown chart-plottingsys-
tem (Appendix 4)hasplayed an im portantrole.
5.2. New Variable Stars
TheVSNET hasbeen providingtheroleofaworld cen-
ter ofreporting newly discovered variable stars. There
is a dedicated m ailing listvsnet-newvar.41 The reported
new variablestarsareusually checked by theVSNET ad-
m inistratorgroup foridentication with otherastronom -
ical sources (e.g. X-ray sources, infrared sources, and
41
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-newvar/m aillist.htm li.
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em ission-line stars). These identication processes are
also conducted on the public m ailing list. These reports
on new variablestarson vsnet-newvararenow regarded as
the prim ary source oforiginalinform ation by the G CVS
team (e.g.K azarovetsetal.2000;K azarovetsetal.2001;
K azarovetsetal.2003).
A prelim inary list (newvar.cat) ofnewly reported,or
objects with som e peculiarity (which can be candidate
variablestars)hasbeen updated,and m adepublic42 asa
referenceforthosewho arelooking fornew variablestars
and variablestaridentications.Exam inationoftheprop-
ertiesofpoorly known variable starsare also ourregular
works (m any results have been reported through vsnet-
gcvslists,aswellasthrough som esolid publicationssuch
asK ato2003d;K ato2003e;K ato2003f,which werebased
on the ASAS-3 public data;seesubsection 5.3).
5.3. Conrm ation ofNovae
Conrm ation of reported nova candidates is another
regular work conducted by the VSNET adm inistrator
team ,aswellasscientic work in novae(subsection 6.2).
Thisworktakesadvantageoftheestablished VSNET soft-
ware and catalog system s in variable star identications
(subsection 5.1)and in conrm ingnew variablestars(sub-
section 5.2). The VSNET system in screening and con-
rm ing newly reported nova candidatesisoneofthem ost
reliable and ecient am ong allthe existing nova conr-
m ation system s. In particular, the VSNET team has
even succeeded in recognizing novae from otherwise dis-
m issed new variablestarreports(e.g.V1548Aql:Uem ura
etal.2001e;K ato,Takam izawa 2001).Therecentdiscov-
ery ofV463 Sct(Haseda 2000;Uem ura etal.2000g;K ato
et al.2002l) is another exam ple ofthe reliability ofthe
VSNET nova identication system .43 Thereversecasein
thatthe VSNET played an im portantrole in disqualify-
ing a suspected nova.The m ostrecentexam plewaswith
V4006 Sgr,which was originally reported as a probable
nova in IAUC (Nakano et al.2003a). This object was
soon identied with a known variable star through the
public discussion in the VSNET.44 The initialdiscovery
announcem entwassubsequently readily corrected within
a day ofthe originalannouncem ent(G reen 2003).
M ostrecently,we referto the public photom etric real-
tim e databaseprovided by the ASAS-3 team (Pojm anski
2002)45 forconrm ing southern nova suspects.The m ost
recent successfulexam ple includes V2573 O ph = Nova
O ph 2003(Takaoetal.2003).Thisapplication ofASAS-3
public data isalso true forconrm ing new variable stars
(e.g. V2552 O ph = Had V98: K ato,Haseda 2003) and
better characterizing already known variable stars (e.g.
K ato,Stubbings2003).Theindividualvariablestarpages
onVSNET websiteprovidesconvenientlinkstotheASAS-
3 pages(seesubsection 3.2).
Upon recognitionofnew novae,theVSNET team m akes
42
hftp://vsnet.kusastro.kyoto-u.ac.jp/pub/vsnet/others/newvar.cati.
43 See hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/
N ovae/hadv46.htm li forthe fullstory.
44
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/N ovae/v4006sgr.htm li
45
hhttp://www.astrouw.edu.pl/ gp/asas/asas asas3.htm li
an announcem enttonovaresearchersand thevariablestar
com m unity to enable early-tim econrm ation and follow-
up observations.TheVSNET isnow recognized asoneof
them ostpowerfulm edia fordissem inating such a kind of
alerts to the open com m unity,and is relied on by m any
professionalnova researchers.
For this purpose, VSNET takes an \open policy" of
any nova (and supernova,variable star etc.) discovery
announcem ents, i.e. such announcem ents will be im -
m ediately released and m ade public. The full reason-
ing ofthe policy and the actualrecom m ended reporting
procedure is described in hhttp://www.kusastro.kyoto-
u.ac.jp/vsnet/etc/discovery.htm liand the linksfrom this
page. The VSNET has a dedicated list for announcing
on new novae vsnet-discovery-nova,46 although this kind
ofinform ation is usually also posted to vsnet-alertfrom
the convention. In any case,readersare strongly recom -
m ended to refer to the above page before attem pting to
m akean actualnova discovery report.
5.4. Conrm ation ofSupernovae
As wellas conrm ation ofnova candidates,conrm a-
tion ofsuspected supernovae isalso undertaken from the
very beginning ofthe VSNET.Therstexam plewasSN
1995D in NG C 2962 (Nakano etal.1995),which wasdis-
covered by ReikiK ushida. The objectwasconrm ed on
the sam e night in Japan by three individual observers
(vsnet-alert30,31,32,1995 February)47,and the discov-
ery announcem entled them ulticolorphotom etry starting
soon afterthe discovery (Sadakaneetal.1996).
Spectroscopic conrm ation of severalsupernovae has
also been reported on the VSNET lists. The earliestone
was for SN 1995al(vsnet-alert 266,1995 Novem ber),48
which was distributed wellearlier than the form alpub-
lication in IAUC (Ayani,K awakita 1995). Such a quick
distribution ofspectraltypeofsupernovam adeitpossible
to schedule larger telescopes or space-borne instrum ents
to observe it. The nearesttype-Ic hypernova SN 2002ap
(vsnet-alert 7120, 2002 January)49 was the m ost suc-
cessfulrecent exam ple (K inugasa et al.2002a,K inugasa
et al.2002b),which was followed by m any instrum ents
including the Subaru telescope (K awabata et al.2002)
or the XM M -Newton (Soria,K ong 2002). Plentifulin-
form ation,includingprediscoveryobservations(Yam aoka,
Rogers2002),hasbeen posted to thespecially m adesub-
listvsnet-cam paign-sn2002ap.
Thesecontributionsto early-tim eobservation aresum -
m arized in subsection 6.5,aswellasthe scientic results
drawn from them .
46
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-discovery-nova/m aillist.htm li.
47
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-alert/
m sg00030.htm li and so on.
48
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-alert/
m sg00266.htm li.
49
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/alert7000/
m sg00120.htm li.
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5.5. Hosting Announcem entsofExternalOrganizations
The VSNET has been playing a role providing an
electronic m edium for announcem ents m ade by other
variable star-related organizations. The exam ples in-
clude the early announcem ents of AAVSO Newsletters
(vsnet-alert 14, 1995 January), Alert Notices (vsnet-
alert 58, 1995 M arch), News Flashes (vsnet-alert 344,
1996 February),website announcem ent (vsnet-alert 178,
1995August),ALEXIS50 transients(vsnet-alert321,1996
February),InternationalTOAD W atch website51 (vsnet-
alert439,1996June),websiteforHungarianAstronom ical
Association { Variable Star Section52 (HAA/VSS,vsnet
756,1996 Septem ber), website for Center for Backyard
Astrophysics53 (CBA,vsnet 872,1996 Novem ber),web-
site for British Astronom icalAssociation,Variable Star
Section54 (BAAVSS,vsnet893,1996 Novem ber),website
for G roup of Am ateur Astronom ers, Czechia, (G AM A,
vsnet-alert 596, 1996 Novem ber), IAU Com m ission 42,
Bibliography on Close Binaries55 (BCB,vsnet981,1997
January),and num erousannouncem entson callforobser-
vations,electronic publications,and internationalconfer-
ences.56 TheVSNET website and m ailing liststhushave
been a world center of variable star-related announce-
m ents.
6. Scientic A chievem ents ofV SN ET
6.1. DwarfNovae
Dwarf novae (cf. O saki 1996a) have historically
been the best-studied class of objects by the VSNET
Collaboration and its precedent m ailing list-based coop-
eration (hereafter referred to the VSNET Collaboration
throughout this section). Figure 7 shows a com parison
oflong-term lightcurvesofthreerepresentativeclassesof
dwarfnovae (cf. O saki1996a) drawn from the VSNET
observations.57
The early work (up to 1996)alm ostim m ediately dou-
bled the num ber of SU UM a-type dwarf novae, by
the detection ofsuperhum ps (Vogt 1980; W arner 1985;
W arner1995c)duringtheirsuperoutbursts.In typicalSU
50
hhttp://nis-www.lanl.gov/ asocops/alxhom e/i.
51
hhttp://www-astro.physics.ox.ac.uk/ erik/itw/i.
52
hhttp://vcssz.m cse.hu/i.
53
hhttp://cba.phys.colum bia.edu/i.
54
hhttp://www.britastro.com /vss/i.
55
hhttp://a400.sternwarte.uni-erlangen.de/ftp/bcb/i.
56 W e now have a dedicated list for conference announcem ents:
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-conference/m aillist.htm li.
57 These data ofvariouskindsofvariable starsare freely available
(from theU R L in subsection 3.3),orupon requestto theV SN ET
adm inistrator(vsnet-adm @ kusastro.kyoto-u.ac.jp). There isno
specially requested authorization for the usage of these data
in scientic publications other than the usual scientic m an-
ner ofacknowledgem ent (please refer to the m essage from the
data search engine for a recom m ended form ofreference). The
data usually coverobservations since 1995,and are particularly
convenient for m aking correlation analysis with other m odern
observations (e.g. spectroscopy and m ultiwavelength observa-
tions).
UM a-typedwarfnovae,superoutburstsonlyoccurapprox-
im ately once peryear,and lastfor 10 d. The intervals
ofsuperoutbursts(supercycles)are notconstant,m aking
itdicultto plan a scheduled observation.The observa-
tionsofSU UM a-typedwarfnovaein the pastwerem ore
orlessTO O -type observations(subsection 1.2). W e rst
prepared a com prehensive listofcandidatesofSU UM a-
type dwarfnovae, selected by various criteria from the
literature and from our own observations. This strategy
wasin som eway sim ilarto the otherprojectssuch as:
 High-galactic latitude CV search: Howell,
Szkody (1990); Szkody, Howell (1992); Drissen
etal.(1994);Augusteijn,Stehle (1995)
 Its descendant concept of \Trem endous O utburst
Am plitude Dwarf Novae" (TOADs): Howell
et al. (1995); Howell, Szkody (1995); Szkody,
Howell(1995);Howell,Skidm ore(2000)
 Recurrent O bject Program m e:58 e.g.
Poyner (1996), and the related extensive work
by Vanm unster,Howell(1996)
Although allofthese otherprojectsorworksbasically
relied on catalog selections (e.g. Howellet al.1995) or
were based on the (usually poorly known) past activi-
ties.O urstrategy wasdierentin that:(1)ourselection
wasbased on com prehensiveand extensivesearch through
allavailable literature (this work was conducted in col-
laboration with the VSO LJ),(2) we had exam ined the
Palom arO bservatory Sky Survey (PO SS)platesand our
own system atic CCD survey to getunique identications
and m orereliableoutburstam plitudesofthe objects,(3)
we applied a theoreticalbackground (e.g. O saki1985;
O saki1989;Ichikawa,O saki1994) for selecting the ob-
jects,and (4)we had am ateurcollaboratorsto share our
interestin m onitoringfaintdwarfnovaewith aCCD (sub-
section 2.3).Thecom bination ofthesefactorsbroughtan
unprecedented success in discovering new SU UM a-type
dwarfnovae. Since the early success story was already
described in subsection 4.1,wem ainly focuson therecent
contributionsofthe VSNET Collaboration to thiseld.
6.1.1. Discovery ofER UM a Stars
In the canonical picture of SU UM a-type dwarf no-
vae, the m ass-transfer (driven by angular m om entum
loss from the binary) in these system s was believed to
be the result ofgravitationalwave radiation (G W R:cf.
Paczynski1967;Faulkner1971;Tutukov,Yungelson 1979;
Taam et al. 1980; Paczynski, Sienkiewicz 1981), since
the fully convective secondary at this ( 2 hr) or-
bital period (Porb) is generally considered im proba-
ble to sustain m agnetic braking, which plays a m ajor
role in longer period (Porb  3 hr) CVs (Ritter 1976;
Ritter 1980; W hyte, Eggleton 1980; Paczynski 1981;
Rappaport et al. 1982; Rappaport et al. 1983; Spruit,
Ritter 1983;Paczynski,Sienkiewicz 1983;Verbunt 1984;
Patterson 1984;Ritter1985). Since the angularm om en-
tum loss by G W R is a unique function of com ponent
58
hhttp://www.theastronom er.org/recurrent.htm li.
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Fig.7. Long-term light curve ofthree representative classes ofdwarfnovae (SS Cyg,Z Cam ,and SU U M a) drawn from V SN ET
observations. Portions ofthe light curves show variation in outburst cycle lengths and quiescent m agnitude (SS Cyg),a standstill
(Z Cam ),and two superoutbursts (SU U M a).
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m assesand orbitalseparation,and the m assesofthe pri-
m ary whitedwarfsand them ain-sequencesecondarystars
only have a sm alldegree ofdiversity,the SU UM a-type
stars were historically considered as an \one param eter
system ", i.e. the basic properties are determ ined by a
singleparam eter,Porb.
This concept so widely prevailed that statistics and
classications were usually given following this con-
cept (W arner 1995c; Vogt 1993), and that num erical
sim ulations im plicitly assum ed this canonical picture
(O saki1989).In observations,a search fornew SU UM a-
type dwarfnovae was usually restricted to dwarfnovae
with long recurrence tim es (the best exam ple being the
RecurrentO bject Program m e). O ur discovery,however,
ofthe ER UM a starscom pletely changed thispicture.
ER UM a (= PG 0943+ 521)wasoriginally classied asa
novalikeobject(G reen etal.1982)selected from itsultra-
violetexcess(Palom ar-G reen Survey: G reen etal.1986,
see also Ringwald 1993). Thisobjectwas,togetherwith
other PG CVs selected from G reen et al. (1982), reg-
ularly m onitored by the VSO LJ m em bers for potential
activities. In 1992,M akoto Iida (VSO LJ) noticed that
this object shows dwarfnova-like outbursts (Iida 1994,
see vsnet-history archive for fulldetails in the public re-
ports circulated in 1992{1993). Because ofthe presence
of long-lasting states of interm ediate brightness (which
laterturned outto besuperoutbursts),thisstarwasorig-
inally considered to beaZ Cam -typedwarfnova,which is
characterized by the presenseofstandstillsin addition to
dwarfnova-type outbursts (see e.g. Hellier 2001a,Sect.
5.4; see also W arner, van Citters 1974; M eyer, M eyer-
Hofm eister1983;O ppenheim eretal.1998).
In early 1994,following the detection ofa bright out-
burst by G ary Poyner, our CCD observations revealed
the presence ofsuperhum ps. Com bined with the visual
observations electronically reported, this object was -
nally identied as an SU UM a-type dwarfnova with an
unexpectedly short (43 d) supercycle (Ts). The short-
est Ts before the discovery of ER UM a was 134 d of
YZ Cnc (Szkody,M attei1984;van Paradijsetal.1994).
It later turned out through a discussion at the Padova
CV Conference in 199459 that this object was indepen-
dently studied atleastby two groups:by the RoboScope
(Honeycutt 1992) team (Robertson et al.1995) and by
M isselt,Shafter (1995). Am ong allgroups,the VSNET
team was the rst to unam biguously identify the na-
ture ofthis object (K ato,K unjaya 1995). Spectroscopic
(Thorstensen et al.1997) as wellas photom etric (K ato
et al.1995a) identications of the orbitalperiods later
conrm ed thisidentication.
O nce this discovery was announced,new m em bers of
59 See also H oneycutt et al. (1995); the object was originally
presented in the conference as the best observational proof
for the m ass-transfer burst m odel of dwarf nova outbursts.
O ur detection ofsuperhum ps was presented in a later talk by
O saki(1995a),which invoked a hotdiscussion,againsttheorigi-
naltopicsto bepresented by thistalk,regarding thetruenature
ofER U M a.Atthetim eofthisconference,thetoneoftheaudi-
ence waseven skepticalabout the presence ofan SU U M a-type
dwarfnova with such a shortsupercycle.
the group ofER UM a stars were im m ediately identied
through im petuous real-tim e com petitions through the
VSNET public lists: V1159 O ri(Nogam iet al.1995a;
Robertson etal.1995)and RZ LM i(Robertson etal.1995;
Nogam iet al.1995c). It later turned out that the su-
percycle ofV1159 O riwas independently recognized by
Patterson etal.(1995b),butwasonly interpreted within
the classicalfram ework.ThesupercycleofRZ LM iisex-
ceptionally short (19 d),which is the shortest record of
supercyclesup to now [seealsoK ato etal.(1999d)forthe
basicobservationalreview,and K ato etal.(2002e);K ato
et al.(2003e) for recent discussions ofER UM a stars].
Lateradditions to these ER UM a starsinclude DIUM a
(K ato etal.1996a),an RZ LM i-like system ,and IX Dra
(Ishioka et al.2001b),both ofwhich were discovered by
the VSNET Collaboration.
From thestandpointofthedisk-instability m odel,these
discoveriesim m ediately led to theoreticalinterpretations
(O saki1995b;O saki1995d),and signicantly contributed
to the \unied theory of dwarf novae" (O saki 1996b;
O saki1996a). These theoreticalcalculationsindicate an
unexpectedly (from the canonicalpicture based on the
G W R-driven angularm om entum loss)high m ass-transfer
rate (ER UM a:O saki1995b).The extrem ely shortTs of
RZ LM irequires an additional(stillpoorly understood)
m echanism (O saki1995d).Thistheoreticaleortrecently
led to ram ications of ideas including the eect of ex-
trem ely low m ass ratio (q = M 2/M 1) (Hellier 2001b)or
the eect ofirradiation (Buat-M enard,Ham eury 2002),
which need to be investigated by future work. It has
been speculated (Hellier 2001b) that these m echanism s
are partly responsible for the m anifestation of the un-
usualproperties ofstillthe stillpoorly understood W Z
Sge-type dwarfnovae,which willbe discussed later(sub-
section 6.1.2).
The required high m ass-transfer is still a m ystery.
Although there have been a num ber ofsuggestions,in-
cluding the long-term eect of nova explosions (K ato,
K unjaya 1995;Schenkeretal.1998;Patterson 1998;K olb
etal.2001),which is,in som e sense,a m odern extension
ofthe\old" discussion ofthe\nova hibernation" scenario
(Sharaetal.1986;Prialnik,Shara1986;Livio,Shara1987;
Livio et al. 1988; Duerbeck 1992; Naylor et al. 1992;
M ukai, Naylor 1995), irradiation-induced m ass-transfer
feedback (M cCorm ick 1998; M cCorm ick, Frank 1998),
none of them has succeeded in explaining the required
high m ass-transfer rates in ER UM a. Recent observa-
tions (K ato 2001a; Fried et al.1999) suggest that the
high m ass-transferratesin ER UM a starsare less likely
the resultfrom a secularevolutionary eect,butm ay be
m ore related to the activity cycle in the secondary star
(Bianchini1988;Bianchini1990;Ak etal.2001).Theori-
gin oftheunusually high activity ofER UM a starsisstill
an open question.
From theobservationalside,therehasbeen asystem atic
search,m ainly conducted by the VSNET Collaboration
and relevant results com m unicated to the public in real
tim e,to nd interm ediatesystem sbetween ER UM a stars
and classicalSU UM a-type dwarfnovae. Severalinter-
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esting objects were recognized as a result: NY Ser =
PG 1510+ 234 (SU UM a-type dwarfnova in the period
gap:Nogam ietal.1998b),HS Vir= PG 1341  079 (SU
UM a-typedwarfnovawith very shortoutburstrecurrence
tim es: K ato etal.1995d;K ato etal.1998d;M ennickent
etal.1999;K atoetal.2001o;M ennickentetal.2001b),SX
LM i(low am plitude SU UM a-type dwarfnova: Nogam i
et al.1997b;W agner et al.1998;K ato 2001b),CIUM a
(SU UM a-type dwarfnova with irregular supercycle be-
havior: Nogam i,K ato 1997),V1504 Cyg (SU UM a-type
dwarf nova with a short Ts, Nogam i, M asuda 1997),
V503 Cyg (unusualSU UM a-type dwarfnova with un-
usualoutburst behavior, Ts  89 d: K ato et al.2002e;
Harvey etal.1995),SS UM i(norm alSU UM a-typedwarf
nova with a short Ts  84.7 d: K ato et al.1998b;K ato
etal.2000a),BF Ara (norm alSU UM a-type dwarfnova
with the shortest Ts  84.3 d: K ato et al.2001p; K ato
et al.2003b),V344 Lyr (large-am plitude SU UM a-type
dwarf nova with a short supercycle: K ato 1993; K ato
etal.2002j),M N Dra = Var73 Dra (SU UM a-typedwarf
nova with Ts 60 d:Nogam ietal.2003d).
The evolution of superhum ps in ER UM a stars is
also known to be unusual. K ato et al. (1996d) re-
ported theearly presenceoflarge-am plitudesuperhum ps,
which later turned out to be part of an unexpected
early phase reversalofsuperhum ps (K ato et al.2003e).
Thisphenom enon resem blestheso-calledlatesuperhum ps
(Haefneretal.1979;Vogt1983;van derW oerd etal.1988;
Hessm an etal.1992)seen in latestagesofsuperoutbursts
in SU UM a stars,butthe striking dierence isthatthey
appearin the early stage ofthe superoutburst. The ori-
gin of this phase reversalis not yet understood. G ao
et al.(1999) reported som e peculiar features in super-
hum ps ofER UM a. M asetti,Regos (1997) suggested a
possible link between ER UM a starsX-ray transientsby
com paring the evolution oftheirsuperhum ps.
To sum m arize,the discovery ofER UM a starsbrought
a revolutionary turning pointofdwarfnova studies: the
SU UM a-type dwarfnovae are no longer\one-param eter
system s" (seee.g.W arner1998;Nogam i1998).Research
on short-Porb CVs(m ainly SU UM a-typedwarfnovae)is
continuouslybroadening,and isnow becom ingoneof\the
m ainstream s" ofCV research.
6.1.2. W Z Sge-Type DwarfNovae
W Z Sge-typedwarfnovaearea peculiarsubtypeofSU
UM a-typedwarfnovae.60 ThepropertiesofW Z Sge-type
60 H istorically, the concept of W Z Sge-type dwarf novae re-
ferred to large-am plitude, rarely outbursting dwarf novae (cf.
Bailey 1979; D ownes, M argon 1981; Patterson et al. 1981;
O ’D onoghue et al. 1991). This extension of this standpoint
led to the concept ofTrem endous O utburst A m plitude D warf
N ovae (TO A D s),m ainly proposed by H owellet al.(1995). W Z
Sge-type dwarf novae were som etim es even referred to as ex-
trem e TO A D s (cf. H owellet al.2003). The m odern viewpoint,
however, is that the outburst am plitude is one of the general
properties of W Z Sge-type dwarf novae, rather than the def-
inition. W Z Sge-type dwarf novae are now better recognized
as an extrem e population ofSU U M a-type dwarfnovae (K ato
et al.2001l,see also the discussion in relation to the \TO A D "
dwarfnovaeinclude:(1)long ( 10 yrorm ore)outburst
recurrencetim e,(2)large( 8 m ag)outburstam plitude,
(3) very few,or som etim es no,occurrence of(isolated)
norm al outbursts, (4) presence of \early superhum ps",
which are m odulations having periods very close to the
orbital periods, during the earliest stage of superout-
bursts,and (5)frequentoccurrenceofpost-superoutburst
rebrightening (see K ato et al.2001land K ato 2002b for
m odern observationalreviews).
These propertiesare dicultto explain,even with the
recent progress of the disk-instability theory, and the
W Z Sge-type dwarf novae have been continuously pro-
viding challengingproblem sto both theoreticiansand ob-
servers. O ne ofthe m ain diculties reside in their ex-
trem ely long recurrence tim es. Ifone assum es the stan-
dard disk-instability m odel,therecurrencetim eislim ited
by thediusion tim ein quiescence(Ichikawa,O saki1994;
O saki 1996a). In order to avoid a therm al instability
resulting from this diusion, one needs to assum e an
extrem ely low viscosity param eter in quiescence (C <
0:00005,Sm ak 1993;C < 0:003,O saki1995c).Although
the origin ofsuch a low viscosity is becom ing positively
resolved by considering a very cold disk with a low elec-
tronic conductivity (M eyer-Hofm eisteretal.1998),there
stillexist a num ber ofargum ents to avoid an extrem ely
low quiescentviscosity.Forexam ple,Lasota etal.(1995),
W arner et al.(1996)assum ed evaporation/truncation of
the inner disk to prevent therm al instability to occur.
Ham eury etal.(1997)and Buat-M enard,Ham eury (2002)
presented slight m odications ofthese ideas. The m od-
els,however,areexpected to show m uch shorteroutburst
lengths than in the low-C m odel(O saki1995c). Som e
m odelsthereby assum ean enhanced m ass-transferduring
a superoutburst(asoriginatingfrom Patterson etal.1981
and extended by Patterson et al.2002),there is, how-
ever,no concrete observationalevidence supporting this
supposed enhanced m ass-transfer(O saki,M eyer2003).A
carefulanalysis ofthe observationsofthe 2001 outburst
ofW Z Sge also supports this lack ofm ass-transfer (R.
Ishioka etal.in preparation).Som eauthorsascribed the
existence ofa brown-dwarfsecondary star to the origin
ofthe required low C (M eyer,M eyer-Hofm eister1999).
Thispossibility,togetherwith the expectationsfrom the
theoreticalviewpoint(e.g.Paczynski1971),led to a wide
interestto search forbrown dwarfsin W Z Sge-typedwarf
novae (Howellet al.1997; Politano et al.1998; Ciardi
et al.1998; van Teeseling et al.1999; Patterson 2001;
Howell, Ciardi 2001; M ennickent et al. 2001a; K ato
etal.2002p;M ennickent,Diaz2002;Littlefairetal.2003).
Although earlierreportstended to suggestthepresenceof
a brown dwarf,theevidenceislessclearfrom m orerecent
detailed studies(Steeghsetal.2001a;K ato etal.2002p;
M ennickent, Diaz 2002; Howell et al. 2002; Littlefair
etal.2003).M ostrecently,theobservationallack ofCVs
having brown dwarfsecondariesiseven becom ing a seri-
ousproblem (Barker,K olb 2003). In allaspectsofdisk-
concept:K ato etal.2003f).W ethereforeprim arily usetheterm
W Z Sge-type dwarfnovae rather than TO A D s.
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Fig.8. CCD lightcurve ofthe 2001 outburstofW Z Sge by the V SN ET Collaboration.
instabilityproblem s,originofdiskviscosity,andlate-stage
evolution ofcom pactbinaries,W Z Sge-type dwarfnovae
continueto be key objects.
Since the outbursts ofW Z Sge-type dwarfnovae are
quite rare, these objects have best illustrated the abil-
ity and the achievem entofthe VSNET as the real-tim e
network. Before the VSNET wasestablished,m ost(pre-
sum able)W Z Sge-type outburstswere only poorly stud-
ied (e.g. AL Com : Bertola 1964,UZ Boo: Bailey 1979,
PQ And: M cAdam et al. 1988; Hurst et al. 1988a;
Hurst et al.1988b;Hurst,Young 1988,G W Lib: M aza,
G onzalez1983,othersystem s:Richter1992).The estab-
lishm entoftheVSNET hasbeen oneofthegreateststeps
toward understanding the W Z Sge-type dwarfnovae. In
particular,withoutthecollaboration with theVSO LJand
withouttheVSNET alerts,theearly partofthe2001out-
burstofW Z Sgewould havestillrem ained a m ystery.
The earliest work on W Z Sge-type dwarf novae was
on HV Vir in 1992. Although this object was origi-
nally recorded asa classicalnova in 1929 (Schneller1931;
Duerbeck 1984),we started m onitoring for a future po-
tentialoutburstasa candidate W Z Sge-type dwarfnova
(K ato et al. 2001l). This outburst was discovered by
Patrick Schm eer (Schm eer et al.1992),and was im m e-
diately relayed through the alert network. The VSNET
team wasthe rstto record periodic m odulations(early
superhum ps)in thelightcurve.61 Thenalresulton this
superoutburstwaspublished asK ato etal.(2001l),which
has been chosen asa bestm odern reference on new W Z
Sge-typestarsin Trim ble,Aschwanden (2003).After 10
yr,the objectagain wentinto superoutburst,which was
observed in detailby the VSNET Collaboration (Ishioka
etal.2003).
The nextobjectwasUZ Boo in 1994 (Iida,York 1994;
Szentasko et al. 1994). The outburst detection was
also im m ediately relayed through the VSNET alert net-
work. Due to the short visibility, only a prelim i-
nary superhum p period of0.0619 d was obtained (K ato
et al.2001l),although the post-superoutburst rebright-
enings reported through the VSNET have raised a pos-
sible link between W Z Sge-type dwarf novae and soft
X-ray transients (SXTs,or X-ray novae,subsection 6.4)
(K uulkers et al.1996). This suggestion has been m ore
substantiated by Uem ura etal.(2000c),K uulkers(2000),
K uulkers(2001);thisrelation isbecom ing oneofthem a-
jorcontem porary topicsin SXT outbursts.
In 1995 and 1996,outstanding W Z Sge-type outbursts
ofAL Com and EG Cnc occurred. These outburst de-
tections were im m ediately relayed through the VSNET,
and produced a wealth ofscientic resultsasalready in-
61 Thiswasim m ediately reported to the CBAT (see vsnet-history
archive), but was not published for an unknown reason. See
K ato etal.2001lm ore details.
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troduced in subsection 4. AL Com again underwent an
superoutburstin 2001.A tim ely outburstannouncem ent
by Steve K err on VSNET enabled early-tim e observa-
tions when the object was stillrising. The detection of
growing early superhum pswasalready reported (Ishioka
et al.2002b),which was actually the rst detection of
growing early superhum ps before the 2001 spectacular
outburstofW Z Sgeitself.
In late2000,anotherspectacularoutburstofRZ Leooc-
curred,which had longbeen suspected asacandidateW Z
Sge-typedwarfnova (M cNaught1985;M atteietal.1985;
Cristiani et al. 1985; Richter 1985). The VSNET
Collaboration succeeded in detecting both early super-
hum ps and ordinary superhum ps (Ishioka et al.2000a;
Ishioka etal.2001c),giving credenceto theW Z Sge-type
natureofthisdwarfnova.
The unexpected outburstofthe prototype W Z Sge in
2001 wasone ofthe greatestastronom icalphenom ena in
recentyears.Itwasdetected by a Japanese am ateurob-
server,Tom ohito O hshim a,was im m ediately relayed to
theVSNET,enabling early coverage(Ishioka etal.2001e;
Ishioka etal.2002c;K uulkersetal.2002),which wasone
ofthe greatest achievem ents ofthe VSNET as an alert
network (see gure 8). This outburst produced a burst
of scientic results from a num ber ofresearchers,both
ground-based and satellite-borne: detection ofearly su-
perhum ps(K ato etal.2001b),growth ofordinary super-
hum ps (K ato et al.2001j; K ato et al.2001i), spectro-
scopic detection ofspiralpatterns (Steeghs et al.2001b;
Baba et al. 2001) whose details have been published
in Baba et al.(2002),\real-tim e" m odeling ofthe out-
burst (Cannizzo 2001),Chandra observation (W heatley
et al. 2001), HST observation (K nigge et al. 2002),
far ultraviolet spectroscopy (Long et al.2003),infrared
spectroscopy (Howellet al.2003),extensive photom etry
(Ishioka et al.2002b; Patterson et al.2002; R.Ishioka
et al. in preparation),and theoreticalm odeling ofthe
superhum p lightcurve(O saki2003).
O therW Z Sge-typedwarfnovaeobserved and reported
by the VSNET Collaboration include: UW Tri (K ato
etal.2001h),LL And (K ato 2003b;data cited in Howell,
Hurst 1994, Howell, Hurst 1996), V2176 Cyg (Novak
etal.2001),CG CM a(K atoetal.1999b),V592Her(K ato
etal.2002p). Am ong them ,V2176 Cyg showed a \dip"
phenom enon,noted forrsttim e sincethe 1995 outburst
of AL Com (Nogam iet al.1997a), and V592 Her was
conrm ed to be a dwarfnova with an exceptionally large
outburstam plitude.
The VSNET Collaboration has rst system atically
dem onstrated that allwell-observed W Z Sge-type dwarf
novae show \early superhum ps" during the earlieststage
oftheir superoutbursts (which m ay be the best dening
characteristicofW Z Sge-typedwarfnovae:K ato 2002b).
These early superhum ps are usually double-wave (som e-
tim es m ore com plex) variations, which have periods
extrem ely close to the orbital periods (e.g. Ishioka
et al.2002b). Although there is a historical(Patterson
etal.1981)and a m odern version (Patterson etal.2002)
interpretation,thatthe phenom enon resultsfrom an en-
hanced m ass-transfer,itisnow understood astheresultof
som esortofresonanceon thedisk (2:1 resonance:O saki,
M eyer2002 orvertical2:1 resonance:K ato 2002b).
The identication ofRZ Leo as a W Z Sge-type dwarf
nova (Ishioka et al.2001c),is a surprise from this point
ofview,since the superhum p period (0.078529 d) ofRZ
Leo is anom alously long com pared to the canonicalpic-
ture of W Z Sge-type dwarf novae. This identication
indicates that neither a brown-dwarfsecondary (M eyer,
M eyer-Hofm eister 1999) nor an extrem e m ass-ratio,en-
abling2:1resonance(O saki,M eyer2002),m ay beaneces-
sarycondition fortheW Z Sge-typeoutburstphenom enon.
Thisim plication ispresentlyunderdiscussion forW Z Sge-
type dwarfnovae (cf. K ato 2002b;O saki,M eyer 2002).
As concerns early superhum ps,K ato (1997a)detected a
sm ooth transition from the orbitalto superhum p period
in a m ore usualSU UM a-type dwarfnova,T Leo. This
phenom enon m ay besom ehow related to theevolution of
early superhum ps(K ato etal.1996b).
Several large-am plitude SU UM a-type dwarf novae
share som e com m on propertieswith W Z Sge-type dwarf
novae,particularly in the lengthening ofthe superhum p
period. The periods ofthe superhum ps are usually not
constant,butshow a signicantperiod derivative (Pdot).
The Pdot are usually negative in classicalSU UM a-type
dwarfnovae(W arner1985;Patterson etal.1993;fora re-
centprogress,see K ato etal.2003h). Thisnegative Pdot
is usually considered to be a result ofa decrease in the
angularvelocity ofprecession ofa shrinkingeccentricdisk
(O saki1985).Thedecreasem ay alsobearesultofinward
propagation ofthe eccentricity wave (cf. Lubow 1991a;
Lubow 1991b;Lubow 1992).A sm allnum berofSU UM a-
type dwarfnovae,notably m any W Z Sge-type dwarfno-
vae,areknown to show positivePdot.Thiseectwasrst
clearlydetected in V1028Cyg(Babaetal.2000),although
this phenom enon rst appeared in solid publications on
SW UM a (Sem eniuk et al.1997;Nogam iet al.1998a),
V485 Cen (O lech 1997b),and on the W Z Sge-type star
AL Com (Pych,O lech 1995b;Howelletal.1996;Nogam i
etal.1997a).TheSU UM a-typedwarfnovaenewly iden-
tied bytheVSNET CollaborationashavingpositivePdot
include: HV Vir (W Z Sge-type star,K ato et al.2001l),
W X Cet(K ato etal.2001c),EG Cnc(W Z Sge-typestar,
K ato etal.1997),and XZ Eri(Uem ura etal.2003c).The
trueorigin ofthisphenom enon isnotyetwellunderstood
(Baba etal.2000;K ato et al.2001l;Ishioka et al.2003;
K ato etal.2003h;K ato etal.2003b).
Post-superoutburstrebrighteningsare also a renowned
featureoftheW Z Sge-typedwarfnovae(K atoetal.1997;
Patterson etal.1998;Ishiokaetal.2003),forwhich O saki
etal.(1997),and O sakietal.(2001)presented an inter-
pretation based on the slow viscosity decay in the early
post-superoutburststate. Thism echanism would require
a m ass reservoir in the outer disk (O saki,M eyer 2003),
whoseoriginalobservationalim plication wasproposed by
K ato et al.(1998c). The existence,or non-existence,of
post-superoutburst rebrightenings have been system ati-
cally studied by the VSNET Collaboration in alm ostall
SU UM a-type dwarfnova. Recentexam ples include G O
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Com (K ato et al. 1995c), W X Cet (K ato 1995f; K ato
et al.2001c),V1028 Cyg (Baba et al.2000),V725 Aql
(Uem uraetal.2001c),and in theunusualsystem (seesub-
section 6.1.3)EIPsc(Uem uraetal.2002e).Thestatistics
ispresented in K ato etal.(1998c).
A m issing link between W Z Sge-type dwarfnovae and
ordinary SU UM a-typedwarfnovaehasbeen sought.CT
Hya(Nogam ietal.1996;K atoetal.1999a)wassuggested
to be one such system ,though a m ore recent statistical
analysis suggests a m ore rigid segregation between W Z
Sge-type dwarfnovae and ordinary SU UM a-type dwarf
novae(K atoetal.2003f).Severalsystem spossiblyrelated
to W Z Sge-type dwarfnovae have been also studied by
the VSNET Collaboration: CC Scl= RX J2315.5  3049
(Ishioka etal.2001a).
Long Porb SU UM a-type dwarfnovae with rare out-
bursts have also been system atically studied by the
VSNET Collaboration. The objects include: EF Peg
(K ato,Takata 1991;K ato 2002c)and V725 Aql(Nogam i
etal.1995d;Uem ura etal.2001c).Theorigin ofthenec-
essary low m ass-transferratein such long Porb system sis
stilla problem .
6.1.3. Ultra-Short Period System s and Helium
Cataclysm ic Variables
From the standard evolutionary scenario of com pact
binaries, there should be a \period m inim um " (e.g.
Paczynski1971)atwhich the m ass-losing secondary star
becom es degenerate and the binary period starts to
lengthen. This period is observationally determ ined to
be  1.3 hr,which isabout10% longerthan the theoreti-
calpredictions(Paczynski1971;K olb,Barae1999;K ing
et al.2001;K ing et al.2002). This discrepancy has not
been yet resolved,although severalattem pts have been
m ade (e.g. Renvoize et al.2002;Barker,K olb 2003) to
reconciletheory with observation.
There exist,however,hydrogen-rich system s with pe-
riods wellbelow this theoreticalm inim um period. The
\classical" object is V485 Cen (Augusteijn et al.1993;
Augusteijn et al. 1996; O lech 1997b); the faintness of
this object,however,prevented a detailed observational
study. In the past few years,the VSNET team found
a hydrogen-rich,nearby bright system (EI Psc = 1RXS
J232953.9+ 062814)having a shortperiod com parable to
V485 Cen (Uem ura et al.2001b; Uem ura et al.2002f;
Uem ura et al. 2002e). Both the radial-velocity study
(Thorstensen et al. 2002b) and the superhum p period
analysis(Uem ura etal.2002e;Skillm an etal.2002)inde-
pendently conrm ed thatthe secondary starofthis sys-
tem ism orem assivethan whatisexpected forthisorbital
period,suggesting thatthem assdonorisan evolved core
with athin hydrogen envelope.From thisnding,Uem ura
etal.(2002f)suggested,following theevolutionary calcu-
lations by Podsiadlowskiet al.(2003),thatboth EIPsc
and V485 Cen can be ancestors ofhelium CVs (or AM
CVn stars,W arner1995a;Solheim 1995)consisting ofa
whitedwarfand a m ass-losinghelium whitedwarf.Ifthis
interpretation isconrm ed,thisobjectwould becom ethe
rst direct observationalevidence that helium CVs are
descendantsofa certain classofCVswith hydrogen-rich
appearance(cf.W ebbink 1984;Tutukov,Yungelson 1996;
Nelem ans et al.2001;Yungelson et al.2002). This ob-
ject, given its proxim ity and relatively heavy com po-
nent m asses, is also considered to be an excellent can-
didate for next generation experim ents of directly de-
tecting gravitationalwave radiation (Hils,Bender 2000;
Strohm ayer2002).
In clarifyingthenatureofEIPsc,properm otion studies
played an independent im portant role in identifying the
objectasanearbyobject.Thisndingwassoonconrm ed
by later researchers (Biggs,W alsh 2001),and the sam e
technique has been applied to dierent sorts ofobjects
by the VSNET Collaboration (RX J2309.8+ 2135:K ato,
Yam aoka 2002,V379 Peg: K ato et al.2002u,CW M on:
K ato et al.2003j). This application ofastrom etry soon
becam e the globalstandard in studying CVsand related
system s (K ato et al.2001t,see also recent entries ofa
survey of proper m otions in Downes et al. online CV
catalog62 ).
Helium CVshavebeen oneofthebestobserved targets
by the VSNET Collaboration. Am ong them , CR Boo
has been identied as the rst \helium ER UM a star"
with a supercycleof46.3 d (cf.subsection 6.1.1)by K ato
etal.(2000c).The VSNET team also joined a cam paign
to study superhum psin CR Boo (Patterson etal.1997).
K ato etal.(2000d)identied a sim ilarsupercycle in the
helium CV,V803Cen.K atoetal.(2001m )furtheridenti-
ed standstillsin V803Cen,which wereinitiallysuggested
for CR Boo in K ato et al.(2000c). K ato et al.(2001k)
laterdetected a transition ofCR Boo to a stateofa short
supercycle(14.7 d),which they called \thesecond super-
cycle".Thisphenom enon isstilldicultto explain.K ato
et al.(2003i)studied V803 Cen for its long-term behav-
ior and its 2003 June superoutburst,and revealed that
the object (and probably also CR Boo) shows outburst
behavior sim ilar to W Z Sge. From these studies,both
CR Boo and V803 Cen have been well-established \he-
lium counterparts" to hydrogen-rich SU UM a-type dwarf
novae,in contrast to the traditionalVY Scl-type (vari-
ablem ass-transferratefrom thesecondary,seesubsection
6.3.3)explanation ofhigh and low statesin thesesystem s
(W arner1995a;W oudt,W arner2003b). Thisinterpreta-
tion is perfectly in line with the dwarfnova-type inter-
pretation (Tsugawa,O saki1997),although thisinterpre-
tation wasnotoriginally correctly applied to observation
(Patterson etal.1997;Patterson etal.2000b).
O utburst detections ofother helium dwarfnovae (e.g.
K L Dra = SN 1998di)havebeen also announced through
the VSNET,and provided necessary fundam entals63 for
detailed research (e.g. Jha et al.1998b; Sam us 2000b;
W ood etal.2002).
6.1.4. Eclipsing DwarfNovae
Since CVs are close binary system s, high-inclination
system s show eclipses. The presence ofeclipses in CVs
62
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historically provided m ost crucialinform ation about the
geom etry and fundam entalphysics ofthe accretion disk
or the accretion stream (W alker 1954; W alker 1955;
K raft1958;G reenstein,K raft1959;K raft1962;W arner,
Nather 1971) and the clarication of the cause of out-
bursts(O saki1974;Sm ak 1976;Sm ak 1984;K rzem inski,
Vogt1985).
In recent years, the eclipse m apping technique
(Horne 1985)has been used to geom etrically resolve the
accretion disk by num erically m odeling the eclipse light
curve (and som etim es line variations) of CVs (Horne,
Stiening 1985; M arsh, Horne 1987; W ood et al.1989a;
Baptista,Steiner1991;Baptista,Steiner1993).Thisand
analogousm ethodshavealsobeen used tostudy thetim e-
evolution of the accretion disk during dwarf nova out-
bursts (Horne, Cook 1985; W ood et al.1989b; Rutten
et al.1992;W olfet al.1993;Bobinger et al.1997),dis-
cussthe presence ofa spiralpattern (which m ay be the-
oretically predicted spiral shocks: Sawada et al. 1986;
Spruit et al. 1987; M atsuda et al. 1990; M atsuda
et al. 2000) in dwarf novae (Baptista, Catalan 2001;
Baptista,Catalan 2000;Baptista et al.2000),for m ap-
ping ofthesuperoutbursting disks,(Bruch etal.1996),to
spectrally resolve the accretion disk (Rutten et al.1993;
Rutten et al.1994),and to directly obtain physicalpa-
ram eters of the accretion disk (Vrielm ann et al. 1999;
Vrielm ann etal.2002).
TheVSNET Collaboration played an im portantrolein
studying eclipsing CVs,especially eclipsing dwarfnovae.
The initialeortswere m ade to follow the eclipsesofthe
rising phase ofan IP Peg outburst (Nogam i1996). The
VSNET alert lists provided an initiative role ofsystem -
atic studies when the northern new eclipsing dwarfnova
EX Dra(= HS 1804+ 6753)wasdiscovered(Nogam i1996).
Thisaction wassoon extended toobserverareoutburstsof
an eclipsing SU UM a-typedwarfnova,DV UM a (Nogam i
et al.2001b). The 1995 outburst of HT Cas was also
spectacular. This is a well-known eclipsing dwarfnova
(cf.Patterson 1981;Zhang etal.1986;W ood etal.1995;
M ukaietal.1997).In 1995,the VSNET team received a
requestforan opticalground-based cam paign coordinated
with theHubbleSpaceTelescope(HST).Theobservation
by the VSNET team succeeded in correcting the eclipse
ephem eris,which isreadily reected on the HST observ-
ing schedule,when the object suddenly jum ped into an
outburst! Thanks to this coincidence, we were able to
obtain eclipseinform ation only two dayspriorto theout-
burstm axim um ,which precluded theenhancem entofthe
hotspotasexpected from the m ass-transferburst(Baba
et al.1999). The eclipses during this outburst was also
followed by another group (Ioannou et al. 1999), who
observed this object in response to this outburst detec-
tion. The resultsofeclipse m apping,togetherwith later
outburstobservations,havebeen recently reported (Baba
etal.2003b).
IR Com (= S 10932),a system very sim ilarto HT Cas,
has also been extensively studied by the VSNET team .
In particular,wedetected the1996Januaryoutburst,and
succeeded in takingtheearliesteclipseobservations(K ato
etal.2002a),Thetruenatureofthisobjecthad rem ained
unclearbefore(Richter,G reiner1995;Richteretal.1997).
The real-tim e circulation ofthis outburst detection and
eclipseinform ation enabled a third-party follow-up obser-
vations(Richteretal.1996).
In m ost recent years, the VSNET Collaboration dis-
covered a deeply eclipsing bright SU UM a-type dwarf
nova (IY UM a = Tm z V85)in the northern hem isphere
(Uem uraetal.2000d;Uem uraetal.2000b;Sam us2000a).
Forthe rsttim e in history,thisobservation yielded the
sim ultaneousdiscovery ofsuperhum psand eclipses.This
system ,theonly brightnorm alSU UM a-typedwarfnovae
suitably situated for northern telescopes,has been pro-
posed asthebestcandidateobjectfornextgeneration de-
tectorson huge telescopes(cf.M oon etal.2001;Steeghs
etal.2003;Reynoldsetal.2003).Thisand thesubsequent
outbursts were followed by a num ber of team s, result-
ing in rich physicalinsights (Patterson et al.2000a;W u
etal.2001;Stanishev etal.2001;Rolfe etal.2001;Rolfe
etal.2002;Sm ak2003).W ith strongem issionlinesofHeii
and Ciii/Niiiin outburst (W u et al.2001;such objects
areknown to bequiterare:M orales-Rueda,M arsh 2002),
this object is a good candidate for spatially resolving a
superoutbursting disk by the em ission-line eclipse m ap-
ping m ethod (M akita,M ineshige 2002),as wellas with
classicalDopplertom ography ofthevelocity eld (M arsh,
Horne1988).W e also succeeded in identifying the super-
cycle(K ato etal.2001n).
The other outstanding object is DV UM a,which was
observed during the entire stage ofthe 1999 Decem ber
superoutburst following the outburst report by Tim o
K innunen.64 Thisobservation rstfully covered theearly
evolution ofeclipsesin thisrarely outbursting system .
In 2002 February,a collaborative eorton G Y Cnc =
RX J0909.8+ 1849 led to the discovery of the eclipsing
nature of this dwarf nova (G ansicke et al. 2000; K ato
et al. 2000f; Shafter et al. 2000; Thorstensen 2000).
Eclipse observationsduring the 2001 Novem beroutburst
revealed thenoticeableabsenceofthehotspotduring the
late stage ofan outburst(K ato etal.2002f).Thisobser-
vation suggested thatG Y Cnc m ay be the rstlong-Porb
object sharing com m on properties with HT Cas and IR
Com .
Recent detailed outburst (or superoutburst) observa-
tions ofeclipsing dwarfnovae include: XZ Eri(Uem ura
et al.2003c) and O U Vir (R.Ishioka et al. in prepa-
ration). Both stars show prom inentsuperhum ps as well
as eclipses. XZ Eriis the rst eclipsing SU UM a-type
dwarf nova with a positive period derivative (Uem ura
etal.2003c). O U Vir is anotherobjectcontinuously re-
ceiving world-wide attention (Vanm unster et al.2000b;
M ason et al. 2002), for which we succeeded in deter-
m ining the rst reliable orbitaland superhum p periods.
V2051 O ph is another eclipsing CV, which had been
thought to be a low-eld polar (W arner,Cropper 1983;
W enzel1984;W arner,O ’Donoghue 1987) for which the
VSNET Collaboration rst provided unam biguous clari-
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cation ofitsSU UM a-type nature by securely detecting
superhum ps and supercycles (K iyota, K ato 1998; K ato
et al. 2001n). W ith the help by this clear identica-
tion,thisobjecthasalso been receiving specialattention
both with ground-based and satellite-borne observations
(Baptista et al.1998;Bruch 2000;Steeghs et al.2001c;
Vrielm ann etal.2002)
Therecoveryand clarication ofthenatureofthe\lost"
dwarfnova V893 Sco isanothernoteworthy achievem ent
by theVSNET Collaboration.Thisobjecthad long been
lost, when K atsum iHaseda (VSO LJ) reported an out-
bursting object (at a nom inally dierent position from
thatofthe originally reported V893 Sco)to the VSNET.
After careful research of the discovery m aterial, as a
partofconrm atory processofa new variable star(sub-
section 5.2), this newly reported object was eventually
identied with the lost V893 Sco (K ato et al. 1998a).
This was only the beginning of the story; the object
soon turned outto be the brightest,and presum ably one
of the nearest, eclipsing dwarf novae below the period
gap (Thorstensen 1999; M atsum oto et al.2000; Bruch
et al.2000). This object has been extensively studied
sinceitsrecovery (M ason etal.2001;K ato etal.2002h).
CW M on (K atoetal.2003j)showsgrazingeclipsesdur-
ing certain stages ofoutbursts. Together with the tran-
sientappearance ofpulsed signals,the presence ofa pre-
m axim um haltin the outburstlightcurve and relatively
strong X-ray radiation,thisobjecthasbeen suspected to
be an interm ediate polar(see also subsection 6.3.1).
6.1.5. Super-Quasi-Periodic Oscillations
Q uasi-periodic oscillations (Q PO s) are short-period,
quasi-periodicoscillationswidely observed in accretingbi-
nary system s including CVs (cf. W arner 1995b). Q PO s
in CVs are usually subdivided into two classes. O ne is
dwarfnovaoscillations(DNO s)observed duringoutbursts
ofdwarfnovae.DNO shaveshortperiods(usually19{29s)
and long coherence tim es (Robinson 1973;Szkody 1976;
Patterson 1981; Hildebrand et al.1980). The other is
Q PO s, which have longer (40 to several hundred sec-
onds)and shortercoherencetim es(usually lessthan  10
wave num bers). W e discovered a potentially new class
ofQ PO s(super-Q PO s)during the 1992 superoutburstof
SW UM a (K ato et al.1992a). These super-Q PO s have
long (severalhundred seconds) periods and long coher-
ent tim es (m ore than severaltens ofwave num bers). In
som ecases(K atoetal.1992a),theam plitudecan bequite
large (up to 0.2 m ag). The m ost outstanding feature of
super-Q PO s is that they are observed only during cer-
tain stagesofSU UM a-typesuperoutbursts.In SW UM a
(1992) and EF Peg (K ato 2002c),the super-Q PO s were
observed duringthegrowingstageofsuperhum ps.A sim i-
lar,butlessstriking,probableappearanceofsuper-Q PO s
was also recorded by the VSNET Collaboration during
the early stage ofan superoutburstofNSV 10934 (K ato
etal.2003d).
During the 2000 superoutburst of SW UM a, sim ilar
super-Q PO stem porarilyappeared duringthedecayphase
ofa superoutburst (vsnet-alert 4331).65 These observa-
tionssuggestthattheappearanceofsuper-Q PO sisclosely
related to the growth and decay ofsuperhum ps, or re-
lated to theexistenceofheating/coolingwaves(Yam asaki
etal.(1995)proposed thatsom esortofQ PO scan be an
excitation oftrapped oscillationsaround thediscontinuity
ofphysicalparam eters).
Dierentinterpretationshavealso been suggested.For
exam ple,W arner,W oudt(2002)suggested thatthesuper-
Q PO s m ay be a result ofinteraction between the weak
m agnetism ofthe white dwarfand som e kind ofwave in
theinneraccretion disk.Although thisexplanation would
becom patiblewith thesuggested presenceofaweak m ag-
netic eld in SW UM a (Shafter et al. 1986; Robinson
etal.1987;Szkody etal.1988;Rosen etal.1994),there
would be a need for a dierent m echanism to explain
why these super-Q PO s only appear only during tem po-
rary stagesofsuperoutbursts.
In EF Peg (K ato 2002c),a rapid decrease in the pe-
riods of super-Q PO s was recorded. From this nding,
K ato (2002c) suggested a rapid rem ovalofangular m o-
m entum from an orbiting blob in the accretion disk,via
a reasonable viscosity in a turbulent disk. The origin of
super-Q PO sisstillan open question,buttheirprom inent
prole is expected to provide crucialinform ation about
the origin ofQ PO sin CVs(W arner,W oudt2002).
6.1.6. Low Statesin DwarfNovae
Although som e nova-like CVs(VY Scl-type stars,sub-
section 6.3.3)are bestknown to show \low states",dur-
ing which m ass-transfer from the secondary is reduced
(W arner 1995b;Robinson etal.1981),this phenom enon
has not been clearly conrm ed to occur in dwarfnovae.
Although there have been claim s for \low states" (HT
Cas: Zhang et al.1986; W ood et al.1995; Robertson,
Honeycutt 1996,IR Com : Richter,G reiner 1995;K ato
et al.2002a,W W Cet: Ringwald et al.1996;BZ UM a:
K aluzny 1986), it is not evident whether or not these
phenom ena directly reecta reduced m ass-transferfrom
the secondary,since the state change in the disk (espe-
cially the viscosity param eter) would reproduce sim ilar
phenom ena. Extensive studies on selected well-observed
dwarfnovae (e.g. Honeycutt et al.1998;O ppenheim er
etal.1998)havefound noevidenceforthelong-term vari-
ation ofm ass-transfer.
During the extensive work by the VSNET
Collaboration, we discovered that the Z Cam star
RX And underwent a deep fading in 1996 Septem ber
(vsnet-obs 3750).66 This fading (and the lack of out-
bursts) lasted until 1997 January, which yielded the
rst unam biguous detection of a tem porarily reduced
m ass-transfer in dwarf novae. This phenom enon was
thoroughly studied by K ato et al. (2002i). Careful
research on the historical light curve indicated that
sim ilar phenom ena were sporadically observed in RX
And (K ato et al.2002i;Schreiber et al.2002),but had
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been overlooked m ainly because ofthe confusion ofthe
true quiescent identication, and the lack of real-tim e
circulation of inform ation. The VSNET Collaboration
succeeded in detecting such a phenom enon through real-
tim e,regular m onitoring oflight curves ofdwarfnovae,
and through a prom pt reaction when an anom alous
change was observed (the deep quiescence of RX And
was originally conrm ed by our own CCD observation).
This is another aspect how eectively the VSNET alert
network worked, besides other outburst-type transient
events. This detection, announced world-wide,thereby
led toaprom ptHST observation (Sion etal.2001),which
revealed the presenceofa hotwhite dwarf.K ato (2003c)
further reported the detection of short fading episodes
in RX And and SU UM a, which m ay be a result of
tem porary reduction ofm ass-transferrate.
6.1.7. Other DwarfNova W orks
O ther dwarf nova-related works, not covered by the
abovesubsections,by the VSNET Collaboration include:
(a) Dwarfnovae in the period gap:G X Cas,V419 Lyr
(Nogam ietal.1998c)(see subsection 6.1.1 for NY
Serand M N Dra)
(b) Tim e-variation in m ore usualSU UM a-type dwarf
novae and candidates: AW G en (K ato 1996b),RZ
Sge (K ato 1996a),V1113 Cyg (K ato et al.1996e;
K ato 2001h),CC Cnc (K ato,Nogam i1997a;K ato
et al. 2002o), VZ Pyx (K ato, Nogam i 1997b),
CY UM a (K ato 1997b; K ato,M atsum oto 1999a),
PU Per (K ato,M atsum oto 1999b),AQ Eri(K ato,
M atsum oto 1999c; K ato 2001g), CT Hya (K ato
etal.1999a),V364 Peg (K ato,M atsum oto 1999d),
Q W Ser (K ato, Uem ura 1999b; Nogam i et al.
2003c), BZ UM a (K ato 1999e), CI G em (K ato,
Schm eer 1999), TY Vul (K ato, Uem ura 1999d),
K V Dra (Nogam i et al. 2000), V844 Her (K ato,
Uem ura 2000b),Q Y Per (K ato et al.2000e),TY
Psc (K unjaya et al. 2001; K unjaya et al. 2003),
V630 Cyg (Nogam ietal.2001a),V369 Peg (K ato,
Uem ura 2001c),UV G em ,FS And,AS Psc (K ato,
Uem ura 2001f),RX Cha (K ato et al.2001a),YZ
Cnc (K ato 2001f),IR G em (K ato 2001i),FT Cam
(K ato et al. 2001t; K ato 2002d), G Z Cnc, NSV
10934 (K ato et al.2001r;K ato et al.2002b),DM
Dra (K ato et al.2002n), SU UM a (K ato 2002a),
DM Lyr(Nogam ietal.2003a)
(c) Tim e-variation in SS Cyg-type dwarfnovae:V1008
Her (K ato, Uem ura 1999c), V1101 Aql (K ato
et al.1999c),DK Cas (K ato,Uem ura 2001a),HH
Cnc = Tm z V36 (K ato, Uem ura 2001e), IS Del
(K ato2001c),IZ And (K ato2001e),DX And (K ato,
Nogam i2001a),AH Eri(K ato,Nogam i2001b),CG
Dra (K ato,Nogam i2001c),
(d) Standstills of Z Cam -type dwarf novae: VW
Vul (K ato 1999f), AT Cnc (Nogam i et al. 1999,
Doppler tom ography; K ato et al.2001q), Z Cam
(K ato2001d),HL CM a(K ato2002e),FX Cep (K ato
etal.2001f),V363 Lyr(K ato etal.2001g),EY Cyg
(K ato etal.2002m ),IW And (unusualZ Cam star:
K ato etal.2003c),
(e) Q uiescentdwarfnovae: UV Per(K ato 1990b),G O
Com (K ato,Hirata 1990a)
(f) Classication: BF Eri(K ato 1999a;K ato,Uem ura
2000a),LX And (Uem ura etal.2000e;K ato 2002f),
HP And (with Subaru,Nogam ietal.2003b)
(g) Statistics and com pilation: Nogam iet al.(1997b);
K ato etal.(2003f)
M ost ofthe work was done with the help ofthe alert
networkand thecollaborationdescribed in subsections2.3
and 4.1.
6.1.8. OtherGlobalContributions
Asthe VSNET hasbeen m ediating an enorm ousnum -
berofoutburstalertsofdwarfnovae since its very early
history, these alerts, as wellas long-term observations,
contributed to world-widedwarfnova studiesby dierent
team s.Sincethey areso num erous,weonly listrepresen-
tativeones:
 V485 Cen:O lech (1997a);O lech (1997b)
 PV Per:Vanm unster(1997)
 TU Crt:M ennickentetal.(1998)
 K S UM a:W atanabe(1998a);O lech etal.(2003b)
 K V Dra:Vanm unsteretal.(2000a)
 W Y Tri:Vanm unster(2001)
 K X Aql:Tappert,M ennickent(2001)
 XY Psc:Henden etal.(2001)
 AH Her:Spoglietal.(2001);Spoglietal.(2002)
 CVsin the 2M ASS survey:Hoard etal.(2002b)
 V844 Her:Thorstensen etal.(2002c)
 V2051 O ph: Vrielm ann et al.(2002); Vrielm ann,
O utt(2003)
 Q Z Ser: Thorstensen et al. (2002a), another pe-
culiar dwarf nova discovered by K atsum i Haseda
(Had V04),and announced in collaborationwith the
VSNET (subsection 5.2)
 IP Peg:Baptista etal.(2002)
 RX J0944.5+ 0357:M ennickentetal.(2002)
 V1504 Cyg:Pavlenko,Dudka (2002)
 G Z Cnc:Tappert,Bianchini(2003)
 V1141 Aql:O lech (2003)
 Q W Ser:O lech etal.(2003a)
 FS Aur:Tovm assian etal.(2003)
 EM Cyg:Spoglietal.(2003)
 short-period dwarf novae: Thorstensen,
Fenton (2003)
 faintCVssurvey:M ason,Howell(2003)
 SU UM a stars:Patterson etal.(2003)
6.2. Novae and RecurrentNovae
6.2.1. ClassicalNovae and Related Objects
From the beginning of the VSNET, novae and re-
current novae have been widely studied as one of the
classicalrepresentatives of transient objects. The ear-
liest observations include the recurrent nova V3890 Sgr
(1990), whose exact identication was claried by us
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(K ato et al. 1990). The next advancem ent was with
V838Her(NovaHer1991),whoseeclipsingnatureand ex-
actorbitalperiod wasclaried by ourobservation (K ato,
Hirata 1991). This is the rst classicalnova whose evo-
lution ofeclipseswascaughtfrom the early decline stage
ofthe outburst (Leibowitz 1993; Szkody, Ingram 1994;
Ingram etal.1992).The\novaofthecentury"(Starreld,
Shore 1994) V1974 Cyg (Nova Cyg 1992) was followed
with the adventofthe e-m ailalertlist(see vsnet-history
m essages).Thisnova laterturned outto bea perm anent
superhum per system (Sem eniuk et al. 1994; Sem eniuk
etal.1995;Retteretal.1997;Skillm an etal.1997).The
VSNET Collaboration later contributed to the interna-
tionalobserving cam paignsofthesuperhum ps(A.Retter
etal.,in preparation).
The next m ajor step was with V705 Cas (Nova Cas
1993),as introduced in subsection 1.4. After this nova,
the VSNET has continuously provided public pages on
individualnovae,67 which arereferenced asa prim ary re-
source on recent novae. V723 Cas (Nova Cas 1995)has
been one ofthe best studied novae in the VSNET his-
tory. The object was discovered by M inoru Yam am oto,
whosereportim m ediately triggered early follow-up obser-
vations(Hirosawa etal.1995). Severalearly reportsdis-
cussed against the classicalnova-type classication (e.g.
M unarietal.1995a).W eweretherst,with theenorm ous
am ountofinform ation collected bytheVSNET,topredict
thatthe objectisa prem axim um phase slow nova resem -
blingHR Del(vsnet223).68 Thisprediction waslatercon-
rm ed by a num berofworks(O hsim a etal.1996;M unari
et al. 1996; Iijim a, Rosino 1996; Iijim a, Rosino 1997;
Iijim a etal.1998).
Although it was not a classical nova, V4334 Sgr
(Sakurai’sobject)in 1996 broughta m ajorbreakthrough
in \stellarevolution in realtim e" (Duerbeck etal.1996;
Duerbeck, Benetti1996). This star is one of the best
studied and discussed variable starssince the late 1990’s
(Duerbeck etal.1997;Arkhipova,Noskova1997;Asplund
et al.1997; Arkhipova et al.1998a; Evans et al.1998;
Arkhipova et al. 1999b; K ipper, K lochkova 1999a;
K erber 1999; K erber 2001; Asplund et al. 1999;
Pavlenko et al. 2000; Duerbeck et al. 2000; Pavlenko,
Duerbeck 2001; Shenavrin, Yudin 2001; Herwig 2001;
Tatarnikov et al. 2001; Duerbeck 2002; Clayton 2002;
Jeery, Pollacco 2002; K am ath, Ashok 2002; Lawlor,
M acDonald 2002;Lynch et al.2002;K au et al.2003).
TheVSNET notonly relayed thisbreathtaking discovery
ofa nalhelium ash object,butalso prom ptly provided
prediscovery observations by K esao Takam izawa (vsnet-
alert 341)69 (nally published by Takam izawa 1997),
which has been frequently referenced and em ployed for
theoreticalm odeling. See subsection 6.7 for its relation
with R CrB-likestars(cf.Lawlor,M acDonald 2003).
In recentyears,theVSNET Collaboration hasbeen is-
67
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/N ovae/novae.htm li.
68
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet/m sg00223.htm li.
69
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-alert/
m sg00341.htm li.
suingscienticresults,aswellasearlyannouncem entsand
identications, on individualnovae: V2487 O ph (Nova
O ph 1998,recurrentnova candidate:Nakano etal.1998;
Hachisu etal.2002),V4444 Sgr(Nova Sgr1999,thepos-
sibility ofthisbeing a recurrentnova hasbeen discussed:
K ato et al.2004),V463 Sct (Nova Sct 2000,fast nova
with an unusually prom inentprem axim um halt:Uem ura
et al.2000g; K ato et al.2002l),V445 Pup (Nova Pup
2000,unusualnova with no indication ofhydrogen fea-
tures: K ato et al. 2000b; K ato, Haseda 2000; K ato,
Nakam ura 2001; Nakano et al.2001; M .Uem ura et al.
in preparation),V1548 Aql(Nova Aql2001,slow nova
initially reported asa m ore usualvariable star: Uem ura
etal.2001e;K ato,Takam izawa 2001),V1178 Sco (Nova
Sco 2001,object originally confusedly reported to be a
novalike object, later turned out to be a genuine nova
with early stageoscillations:Haseda etal.2001;K anatsu
etal.2001;K ato,Fujii2001),V2540O ph (NovaO ph 2002,
large-am plitudeslow novawith strongpost-outburstoscil-
lations:Sekietal.2002;K ato etal.2002q).TheVSNET
Collaboration also joined m ultiwavelength cam paignson
novaewith satellites(e.g.V4743Sgr:W agneretal.2003).
The VSNET has recently been relaying discovery,inde-
pendent and prediscovery detections ofnovae,aswellas
spectroscopic conrm ation and early photom etric obser-
vations: V2274 Cyg (Nova Cyg 2001: Sato et al.2001),
V4643 Sgr (Nova Sgr 2001: K ato et al.2001d),V4740
Sgr(Nova Sgr2001 No. 3:W estetal.2001);V4741 Sgr
(Nova Sgr 2002: Liller et al.2002a;Liller et al.2002b),
V4742 Sgr(Nova Sgr2002 No.2:Yam aoka etal.2002d),
V4743 Sgr (Nova Sgr 2002 No. 3: Haseda et al.2002;
W est et al. 2002), V4744 Sgr (Nova Sgr 2002 No. 4:
Yam aoka etal.2002b),V4745 Sgr(Nova Sgr2003:K ato
et al.2003g;K ato,Fujii2003),Possible Nova (2002) in
NG C 205(Yam aoka etal.2002a),PossibleNova (2003)in
Scutum :(Nakano etal.2003b).
The discovery ofa very unusualeruptive object(V838
M on,Brown etal.2002;W agneretal.2002;Della Valle,
Iijim a 2002) was relayed through the VSNET alert sys-
tem duringitsearlystageoferuption,enablingearly-stage
observations(Bedient 2002a;Bedient 2002b). The iden-
tication ofthe objectwith G SC,IRAS and 2M ASS ob-
jectswasreported (K ato etal.2002s).Theearly stageof
this object was m ost unusual,showing an M -type spec-
trum at outburst m axim um . O n 2002 February 2,the
objectunderwenta second m ajorbrightening,which was
quickly relayed via the VSNET alert system worldwide,
and thestarbecam eworld-popularwithin a day.Theob-
jectsubsequently showed a prom inentlightecho when it
faded (by the obscuration by the form ing dust). There
havebeen a num berofworksbased on theseobservations
(K im eswengeretal.2002;M unarietal.2002;G oranskii
etal.2002;Sobotka etal.2002;Bond etal.2003;Crause
etal.2003;W isniewskietal.2003),which m oreorlessem -
ployed VSNET observationsand ndingswhen discussing
the peculiarity ofthisobject.The origin ofthiseruption
is stilla m ystery. Based on an idea proposed by Soker,
Tylenda (2003),K ato (2003a)tried to explain the histor-
icalm ysteriouseruption ofCK Vul.
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6.2.2. RecurrentNovae and SupersoftX-Ray Sources
The last two decades have dram atically changed our
view of recurrent novae. The discovery of recurrent
outbursts of V394 CrA in 1987 (Liller et al. 1987;
Duerbeck 1988;Sekiguchietal.1989),V745 Sco in 1989
(Liller 1989; Duerbeck 1989; Sekiguchi et al. 1990b),
V3890 Sgr in 1990 (Jones, Pearce 1990; G onzalez-
Riestra 1992;Harrison etal.1993)and Nova LM C 1990
No.2 (Sekiguchietal.1990a;Shore etal.1991)resulted
in adram aticincreaseofourknowledgein recurrentnovae
(cf.Shara 1989;Anupam a 1992;Sekiguchi1995).
Anotherepoch ofrecurrentnovadiscoveriesarrived like
a urry in the late 1990’sand early 2000’s. Allofthese
recurrentnova outburstswere m ediated via VSNET and
followed in detail. The initialobjectin this series ofre-
current nova outbursts was U Sco in 1999,whose early
history was described in detailin subsection 4.1. This
outburst of U Sco rst enabled eclipse observations in
realtim e during outburst [the eclipsing nature ofU Sco
wasrevealed only in 1990 (Schaefer1990);the 1999 out-
burstwasthe rstoutburstsince thisdiscovery;see also
K ato (1999l)forthe retrospective detection ofan eclipse
duringthe1987outburst].Thisobservationled totherst
detection oftheperiod changein thissystem (M atsum oto
etal.2003b).Thisnding severely constrained them ass-
transferratein quiescence(Hachisu etal.2000a;Hachisu
etal.2000b),which m akesU Sco them ostprom isingcan-
didateforan im m ediate precursorofa type-Ia supernova
(Hachisu etal.2000a).
The nextobjectin thisserieswasCIAql. Thisobject
had long been suspected to bea dwarfnova based on the
(apparently) sm alloutburst am plitude ofthe 1917 out-
burst(Duerbeck 1987).Based on thispotentialidentica-
tion,the objecthad been m onitored by am ateurvariable
starobservers,notably by VSO LJ m em bersand by m em -
bersofthe RecurrentO bjectProgram m e(see subsection
6.1). The proposed quiescentcounterpart,however,was
found to be an eclipsing binary which did not show CV
characteristics(M ennickent,Honeycutt1995). The sam e
conclusion had been reached with snapshotspectroscopy
(Szkody,Howell1992),showing no indication ofhydrogen
em ission lines.W ith thisinform ation,alm ostallobservers
stopped m onitoring for an outburst,although there was
the unexplained presenceofa Heiiem ission line (G reiner
etal.1996).
The news of a possible nova detection by K esao
Takam izawa on lm s taken on 2000 April28 arrived at
the VSNET on April29. The reported position wasex-
trem ely close to that ofCI Aql. M inoru Yam am oto in-
dependently detected this phenom enon,and reported it
to be a brightening ofCIAql. Aftercarefulexam ination
ofthe identication,this possible nova is identied as a
recurrentoutburstofCIAql,83 yearsafterthe 1917 dis-
covery (Takam izawa etal.2000;Yam aoka etal.2000).70
The nova-type nature of the outburst was soon clari-
ed with spectroscopy (Uem ura, K ato 2000), conrm -
70 The object was later found to be positively recorded one day
earlier (Liller 2000). A n outburst in 1941{1942 was also later
found in the plate archive (Schaefer 2001).
ing that CIAqlis a new recurrent nova. Being already
known as an eclipsing binary,the evolution ofthe out-
burstlightcurveand theeclipseprolewereprecisely fol-
lowed (M atsum oto etal.2001;M atsum oto etal.2003a).
In particular,a dip-like sudden fading in 2000 Novem ber
was noted (M atsum oto,K ato 2000). W ith these obser-
vationalconstraints,Hachisu,K ato (2001) succeeded in
m odeling the light curve,which was further rened and
extended (Hachisu,K ato 2003b;Hachisu,K ato 2003c)to
explain the unique high/low transitions in the supersoft
X-ray source RX J0513.9  6951 in the LM C.Its galac-
tic counterpart,V Sge,has been very recently identied
(Hachisu,K ato 2003a).Theseobjectsarenow considered
tobeprom isingcandidatesforprecursorsoftype-Iasuper-
novae(e.g.Hachisu etal.1999b;Hachisu,K ato2003c;for
earlierand othersuggestions,seee.g.Hachisu etal.1989;
Hachisu et al. 1996; della Valle, Livio 1996; Hachisu
etal.1999a).Thediscoveriesand m odern detailed obser-
vationsofU Sco and CIAqloutburststhusprovided rm
observationalevidence for recurrentnovae and supersoft
X-ray sources as im m ediate precursors oftype-Ia super-
novae. O therrepresentative works(outside the VSNET)
on CIAqlincludephotom etry (Schm ejaetal.2000),spec-
troscopy (K issetal.2001;Burlak,Esipov 2001),Chandra
X-ray observation (G reiner,DiStefano 2002),m odeling
(Lederle,K im eswenger2003),re-exam ination ofthe 1917
outburst(W illiam s2000).
The nextdiscovery ofthe serieswason IM Nor(possi-
ble nova in 1920)in 2002 January. The outburst detec-
tion by W illiam Liller(Liller2002)wasquickly relayed to
the VSNET,and enabled early astrom etric work to rst
rm ly identify thequiescentcounterpartand itsrecurrent
nova nature (Duerbeck et al.2002;Retter et al.2002).
The light curve of IM Nor was published m ore than
50 years after the 1920 outburst (Elliot, Liller 1972).
There had been a suggestion of identication with the
UHURU X-ray source 2U 1536  52,which waslatercon-
rm ed to be spurious(W ycko,W ehinger1979,see also
K ato 2002g). Although the outburstlightcurve in 1920
resem bled that ofa slow recurrent nova T Pyx (Elliot,
Liller1972),the unusually faintquiescence inferred from
W ycko,W ehinger (1979)had been a m ystery. The ex-
actidentication with anew outburstsolved thism ystery,
by the detection ofa considerablevariation in quiescence
(K ato etal.2002t). Thissuggestion waslaterconrm ed
by the detection ofa shortperiod variation with eclipse-
like fadings(W oudt,W arner2003a). K ato etal.(2002t)
suggested,from thelightcurveand spectroscopicappear-
ance,that both CI Aqland IM Nor are m em bers ofa
new classofrecurrentnovae having interm ediate proper-
tiesbetween classicalnovaeand fastrecurrentnovae.
6.3. OtherCataclysm ic Variables
6.3.1. Interm ediate Polars
Interm ediate polars (IPs), which are a class of m ag-
netic CVs(M CVs)having a m agnetic white dwarfasyn-
chronously rotating with the orbitalm otion (som etim es
referred to as DQ Her stars: for recent reviews, see
e.g. K ing, Lasota 1990; Patterson 1994; Hellier 1996;
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Buckley 2000; chapters 8 and 9 in Hellier 2001a).
Although m any \classical" IPsare novalikesystem swith
therm ally stable accretion disks,there are a num ber of
IPsshowing transientoutbursts. Som e ofthem look like
dwarf novae (subsection 6.1), including well-known ob-
jects such as G K Per (W atson et al. 1985; Bianchini
et al.1986; Hutchings, Cote 1986; Norton et al.1988;
Patterson 1991), DO Dra (som etim es called YY Dra,
see K holopov et al. 1985b, K holopov, Sam us 1988 for
the ocialnom enclature,Patterson et al.1992;Haswell
etal.1997),EX Hya (W arner,M cG raw 1981;Jablonski,
Busko 1985;Heise etal.1987;Hellieretal.1987).There
has been a long-standing discussion whether these IP
outbursts originate from disk-instabilities or from m ass-
transferbursts(Hellieretal.1989;Hellier,Buckley 1993;
Hellieretal.2000).Them odern understanding isthatat
leastsom eofthem arebetterunderstood asm ass-transfer
events(TV Col:Hellier,Buckley 1993),while otherscan
be understood as disk-instability events (G K Per: K im
etal.1992;Yietal.1992).
Rapid circulation ofoutburst alerts are extrem ely im -
portant for short-period system s,because these IP out-
bursts are usually very brief (usually less than 1 d)
and require prom pt follow-up observations (e.g. TV
Col: Szkody,M ateo 1983;Szkody,M ateo 1984;Schwarz
etal.1988;Hellier,Buckley 1993;Retteretal.2003,EX
Hya: Bateson et al.1986; Bateson, Jones 1987; Bond
etal.1987;Fujino etal.1987;Hellieretal.1989;Reinsch,
Beuerm ann 1990; Jones 1994; Hellier et al. 2000, DO
Dra: W enzel 1983b; W enzel 1983a; Hurst et al. 1985;
M cNaughtetal.1985;Hazen 1986;Dyck,Schm eer1988;
K ato,Dyck 1988). Although these outburst detections
have historically been relayed via IAUCs,they were not
usually rapid enough to enableearly-stageobservationsof
these outbursts. The VSNET Collaboration has played
a role in detecting, and rapidly relaying these IP out-
bursts. Since IP outbursts tend to cluster (cf. Bateson
etal.1986,M .Uem ura etal.in preparation),rapid elec-
tronic announcem ents of these outbursts have dram at-
ically increased the chance of detailed follow-up obser-
vations,including sim ultaneous observations with satel-
lites. The m ost rem arkable recent exam ple includes X-
ray/opticalsim ultaneousobservationsoftwo outburstsof
DO Dra(Szkody etal.2002b),whoseopticalcoveragewas
based on observationsby the VSNET Collaboration.
The IP outburstsforwhich the VSNET Collaboration
played an im portant role of early notication include
G K Per in 1996 (Ishida et al. 1996; M orales-Rueda
etal.1996;Nogam ietal.2002),in 1999,whoseoccurrence
was notably predicted by a VSNET m em ber, Tsutom u
W atanabe (vsnet-future 2),71 and realrise observed in
detailby the VSNET Collaboration (vsnet-alert2652).72
These two outbursts were ofspecialim portance because
detailed m odern tim e-resolved CCD observations set a
stringentlim iton theexpected occurrenceofeclipsesdur-
71
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-future/m sg00002.htm li.
72
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/alert2000/
m sg00652.htm li.
ing outburst(K im etal.1992).Theseoutburstsalso pro-
vided an opportunity to study tim e-resolved spectroscopy
of the Q PO s (M orales-Rueda et al. 1996), as well as
X-ray/opticaldetections oflong-period Q PO s (M orales-
Rueda etal.1999;Nogam ietal.2002).M ulticolorobser-
vations ofthe 1996 outburst also provided observational
constraintson the outburstm odels(Nogam ietal.2002).
The 2002 outburst ofG K Per provided an opportunity
to study m agnetic accretion (Bianchinietal.2003).The
long-term visualdata,including the data reported to the
VSNET,have been used foranalysisofoutburstproper-
ties(Sim on 2002).
In m ost recent years, the VSNET Collaboration
has succeeded in characterizing outburst properties of
the unusual short-period interm ediate polar HT Cam
(Tovm assian et al.1998). The outbursts are extrem ely
brief(W atanabe1998b),showingprecipitousdeclinesdur-
ing the late partofoutburst.From the tim e-dierence of
outburst m axim um and the m axim um appearance ofIP
pulsesduringthe2001outburst,Ishiokaetal.(2002a)con-
cluded thatthe outburstwastriggered by a dwarfnova-
typedisk instability phenom enon.Theexistenceofa pre-
cipitouslaterdeclinecan beexplained bythetruncation of
the inneraccretion disk. The 2001 outburstofHT Cam
was also studied by another group (K em p et al.2002).
TheoutburstofHT Cam thushasbeen oneofm ilestones
in the study ofIP-dwarfnova relation.
K ato,Starkey (2002)reported short-period,nearly co-
herent,Q PO sin V592 Cas,a nova-likestarin the period
gap.Thisobjecthasbeen suggested tobeauniqueobject
in theperiod gap showing both propertiesofsuperhum ps
and occasionalIP-like,nearly coherent,photom etricoscil-
lations.Severalotherdwarfnovaehavebeen suspected of
IP-type signature,and were briey discussed in the rele-
vantpartsofsubsection 6.1.
6.3.2. Polars
Brightpolars(M CVswith synchronouslyrotatingwhite
dwarfs) have been regularly m onitored by the VSNET
Collaboration. M any polars,notably AM Her (gure 9)
and V834Cen,occasionally show low states,whoseoccur-
rencehasbeen notied through theVSNET alertsystem .
Long-term CCD m onitoring offaintpolarshavebeen reg-
ularly reported by Berto M onard.
Coordinated m ulti-wavelength observations have been
conducted on severaloccasions. The targetsinclude AM
Her,AR UM a,ST LM i,VV Pup,AN UM a and EF Eri.
Som eofthesecollaborativestudieshasbeen already pub-
lished asa solid paper(Hoard etal.2002a).
6.3.3. VY Scl-Type Stars
VY Scl-typestarsarenovalikeCVswith occasionallow
states,or fading episodes (cf. W arner 1995b;Robinson
et al. 1981; see gure 10 for the VSNET light curve
of M V Lyr). In som e system s, these low states occur
very infrequently (thebestexam plebeing TT Ari:Bortle
et al.1980;Fuhrm ann 1981;Shafter et al.1982;Hudec
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Fig.9. Lightcurve ofA M H er from V SN ET observations.
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Fig.10. Lightcurve ofthe V Y Scl-type star M V Lyrfrom V SN ET observations.
etal.1984;Shafteretal.1985;Hutchings,Cote 1985).73
Such low states provide a unique opportunity to study
the white dwarf atm osphere or to directly detect the
secondary star (e.g. Jam eson et al. 1982a; Jam eson
et al. 1982b). From the viewpoint of disk-instability
m odel,thedecreasing m ass-transferratewould producea
dwarfnova-typediskinstabilityifthereisnospecialm ech-
anism to suppressthe instability (Honeycuttetal.1994;
K ing, Cannizzo 1998). O bservations, however,tend to
show sm ooth m onotonousdeclines(Honeycuttetal.1994;
G reiner 1998). This m akes a clear contrast to the \low
states" in dwarfnovae(cf.6.1.6).Therem ustbea m ech-
anism in VY Scl-typestarsto som ehow therm ally stabliz-
ing thedisk when them ass-transferisreduced (cf.Leach
etal.1999).DenseobservationalcoverageofVY Scl-type
starsisthereforehighlyneeded im m ediatelyafterthestart
73 A lthough there wasan interpretation ofthisobjectasa Z Cam -
typedwarfnova perm anently atstandstill(K rautteretal.1981),
which wasadopted by theG CV S team ,itisgenerally considered
as a V Y Scl-type star with an occasionaldram atic decrease of
m ass-transfer.
oftheirdeclines.
It is also known that VY Scl-type stars tend to show
superhum ps (cf. Patterson 1999). Since the m ass-
ratios (q) of VY Scl-type stars are not usually consid-
ered suciently sm allto enableexcitation ofthe3:1 reso-
nance to produce superhum ps (cf. Hirose,O saki1990;
W ood et al. 2000; W hitehurst, K ing 1991; M olnar,
K obulnicky 1992;M urray 1998),there is apparently the
need foran explanation ofthe cause ofthe superhum ps.
M urray etal.(2000)considered thevariation in them ass-
transferratein VY Scl-type stars,and presented a work-
ing hypothesiswhy VY Scl-type stars,with interm ediate
q,can show superhum ps.Thishypothesisalsoneedstobe
tested by m ore observationsofVY Scl-type starsduring
dierentbrightnessstates.
TheVSNET Collaboration succeeded in early announc-
ing a rare fading ofV751 Cyg,whose VY Scl-type na-
ture was suspected m ore than 20 years ago (Robinson
etal.1974)buthad no com parablefading in recentyears.
The 1997 fading ofV751 Cyg was originally reported to
theVSNET by LaszloSzentasko,and itsprogresswasfol-
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lowed in detailby the VSNET Collaboration m em bers,
notably with CCD photom etry at O uda Station. This
fading notonly presented authentication ofV751 Cyg as
a genuine VY Scl-type star,but also enabled X-ray ob-
servations which led to the discovery oftransientsuper-
soft X-ray em ission (G reiner et al.1999;G reiner 2000).
This observation,suggesting a possible extension oflu-
m inous supersoft X-ray sources (SSXS) toward a less-
m assivewhitedwarf,led to a revolutionary changein our
view ofVY Scl-typestars.O therrarelow statesofVY Scl-
type starsannounced through the VSNET Collaboration
includeLQ Peg(= PG 2133+ 115)in 1999(thesecond his-
toricalfading: W atanabe 1999a; K ato, Uem ura 1999a;
Schm idtke et al.2002) and BZ Cam in 1999 (the sec-
ond historicalfading: W atanabe 2000;W atanabe 2001;
K ato,Uem ura 2001b;G reineretal.2001).The1999 fad-
ing ofBZ Cam is notable in that transient superhum ps
were detected during the fading (K ato,Uem ura 2001b),
which m ay give support for the explanation by M urray
etal.(2000).
TheVSNET Collaboration alsosucceeded in presenting
the rst-ever light curve ofV504 Cen (K ato,Stubbings
2003),which hasbeen suspected to bea VY Scl-typestar
from spectroscopy (K ilkenny,Lloyd Evans1995),buthad
no solid photom etric record qualifying the VY Scl-type
nature.
W ell-known VY Scl-type stars, such as M V Lyr,
have long been best-observed targets by the VSNET
Collaboration.Som eoftheselong-term observationswere
em ployed to qualify the lightcurvesofVY Scl-type stars
(G reiner 1998). The well-known VY Scl-type star K R
Aurwasintensively studied by theVSNET Collaboration
(K ato etal.2002g),which led to the detection ofshort-
term variationshaving power-law type tem poralproper-
ties.
The other notable object is V425 Cas, whose low
state in 1998 wasannounced by Tim o K innunen through
the VSNET, which led to our own discovery of short-
term (2.65 d),large-am plitude(up to 1.5 m ag)variations
(K ato et al.2001s). Such a type ofvariation had never
been neverin any class ofhydrogen-rich CVs,and K ato
etal.(2001s)suggested thatthey aredwarfnova-typein-
stabilitiesin a m oderately stabilized disk.Thisdiscovery
was introduced as the \shortest period dwarf nova" in
Astrophysicsin 2002 (Trim ble,Aschwanden 2003).
6.4. X-Ray Binaries and X-Ray Transients
X-ray binariesareclosebinary system swhich consistof
a com pactobjectand a norm alstar.The m assaccretion
from the norm alstaronto the com pactobjectgenerates
strong X-ray em ission. A num berofX-ray binarieshave
been discovered astransients(cf. Liu etal.2001).Their
outbursts can be observed in allwavelengths,hence si-
m ultaneousm ulti-wavelength observationshave played a
key role to revealthe nature ofX-ray binariesand X-ray
transients (e.g. O rosz,Bailyn 1997;Hynes et al.2000).
Theiroutburstcycle isgenerally longerthan a year,and
in som ecases,longerthan decades.Prom ptobservations
of an early outburst phase are hence im portant. The
VSNET hasbeen providinginform ation aboutX-raytran-
sientswhich enablesprom ptobservations,notonly forop-
ticalobservers,butalso forX-ray,UV,IR,and radio ob-
servers.Besidestheserecentstudies,theearliestwork by
theauthorsincludeinfrared quiescentobservation ofV404
Cyg = G S 2023+ 338(K ato,Hirata1990b),which rstre-
vealed theexistenceofthephotom etricperiod of5.76 hr.
Anotheroutstanding early resultwasthediscovery ofsu-
perhum psand orbitalvariation in the outbursting X-ray
transientG RO J0422+ 32= V518 Per(K ato etal.1992b;
K ato et al.1993a;K ato et al.1995b). This observation
hasbeen oneofthem ostcom prehensivestudiesofsuper-
hum psin \classical" softX-ray transientsup to now (cf.
O ’Donoghue,Charles1996).
Here we focus on the soft X-ray transients for which
the VSNET collaboration conducted intense world-wide
cam paigns.SoftX-raytransientsarealsocalled X-rayno-
vae,whosecom m on characteristicswereestablished in the
m id-1990’s(Tanaka,Lewin 1995;Chen etal.1997):Their
lightcurvesare typically described with a FastRise and
an ExponentialDecay (FRED).Thee-folding tim eis30{
40d during thedecay phase.In theFRED-typeoutburst,
a reare,ora secondary m axim um isobserved  50 d af-
tertheoutburstm axim um .Theoutburstsareconsidered
to occurdue to a sudden increase ofm assaccretion rate
in an accretion disk (M ineshige,W heeler 1989; Huang,
W heeler 1989). Radialvelocity studies ofthe secondary
star have revealed that a dozen ofsoft X-ray transients
contains stellar-m ass black holes. Soft X-ray transients
thusprovide an ideallaboratory ofthe accretion physics
onto the black hole,and they are called black hole X-ray
transients.
In the fram ework of classical soft X-ray transients,
the opticaland X-ray em issionsoriginate from the outer
and the inner region ofthe accretion disk,respectively.
Sim ultaneousopticaland X-rayobservationsthereforeen-
able us to study the evolution ofthe accretion disk and
the m echanism ofitsactivity.The VSNET collaboration
enablesusto obtain densesam plesthroughoutoutbursts.
W ith these observations,we sum m arize the progress of
studies of classical soft X-ray transients in subsection
6.4.3.
O n the other hand,severalrecent transients have ex-
hibited characteristicswhich arediculttoexplain within
the classicalfram ework.The prom ptobservationsby the
VSNET collaboration has played an im portant role, in
particular, for the research on the lum inous fast tran-
sients (Uem ura et al. 2002h) and rapid optical varia-
tions(Uem ura etal.2000c;Uem ura etal.2002d;Uem ura
et al.2004a). W e sum m arize our studies on these new
classesofactivity in subsections6.4.1 and 6.4.2.
6.4.1. FastX-ray transients,V4641 Sgr and CICam
Ithasbeen proposed thatthe outburstofclassicalsoft
X-ray transients is induced by therm alinstability ofthe
accretion disk (M ineshige,W heeler1989;Huang,W heeler
1989). This m odelcan explain the large e-folding tim e
during their decay phase by considering a strong X-ray
irradiation which stabilizesthe outerdisk.Thisstandard
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picture cannot,however,explain two atypicaloutbursts,
that is, the fast transients V4641 Sgr (Hjellm ing et al.
2000;Uem ura et al.2002h) and CI Cam (Belloniet al.
1999).Theiroutburstdurationwasonlyafew days,which
istooshorttobeinterpreted with theviscousdecay ofthe
classicalsoftX-ray transients.
O n 1998 M arch 31,the All-Sky M onitor(ASM )ofthe
RossiX-Ray Tim ing Explorer(RXTE)detected a new X-
ray transientnam ed XTE J0421+ 560(Sm ith etal.1998).
W eweream ongthersttopointoutthepresenceofasup-
posed sym bioticstarCICam (Bergneretal.1995)within
the error(vsnet-alert1621).74 Thisinform ation wasim -
m ediately relayed to X-ray and opticalobserversthrough
theVSNET,and theproposed identication wassecurely
conrm ed with the discovery ofan outbursting objectat
the location ofCICam (Hjellm ing,M ioduszewski1998).
Contrary to classicalX-ray transients,thisobjectstarted
a rapid fading with an e-folding tim eof 0:5 d justafter
outburstm axim um (Bellonietal.1999). ItsX-ray spec-
trum can be described by an absorbed power-law m odel
with high-energy cuto,which isatypicalforX-ray tran-
sients(Bellonietal.1999).O pticalobservationsreported
to the VSNET show thatCICam brightened to 8.8 m ag
on April3,75 and faded by  2 m ag within two days.
SpectroscopicobservationsrevealedthatCICam isaB[e]{
X-ray binary (Bellonietal.1999).Thenatureofthecom -
pactobjectisstillunknown (Bellonietal.1999;O rlandini
etal.2000;Hynesetal.2002;Robinson etal.2002).The
VSNET Collaborationfurtherobtained quiescentobserva-
tions,which revealed thepresenceofweak activity (K ato,
Uem ura 2001d).
V4641 Sgrisa variable whose opticalspectrum isthat
ofan A-type star(Downesetal.1995;note thatthe ob-
jectwasnotcorrectly identied in the literature untilwe
published a reliable chart,see subsection 2.2). In 1999
August,Tsutom u W atanabe,a m em ber ofthe VSO LJ,
noticed thatthe objectentered an activestate in the op-
ticalrange (W atanabe 1999b).Thisstate wascharacter-
ized by the presence oflarge-am plitude variation having
a possible periodicity of2.5 d (K ato et al.1999e). O n
Septem ber 15,the state was term inated by a short out-
burst reaching 8.8 m ag independently detected by Rod
Stubbingsand theK yoto team ,following Berto M onard’s
detection ofabrighteningprecedingthisevent(vsnet-alert
3475,3477,3478;Stubbings,Pearce1999).76 Allthesere-
ports were im m ediately circulated through the VSNET
alert network;the resultant vigileventually enabled the
historicaldetection ofthisperfectly unexpected giantout-
burst.
Following ournotication,a corresponding X-ray out-
burst was found in the backlog recorded with the
RXTE/ASM ; the X-ray outburst was not discovered
\real-tim e" even with X-ray all-sky m onitor. The X-ray
74 See hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
alert1000/m sg00621.htm li.
75 See hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/X ray/
cicam .htm li.
76 See hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/X ray/
gm sgr.htm liforthe fullstory.
outburst,afterreaching an astonishing ux of12 Crab at
the X-ray m axim um ,rapidly faded and returned to the
pre-outburstlevelwithin only 2 hours(Sm ith etal.1999).
The duration ofthe opticaloutburstwasalso short( 5
d) (Uem ura et al. 2002h). The VSNET collaboration
team perform ed prom pt observation ofthis short X-ray
outburst,and revealed that the opticalvariation exhib-
ited anti-correlation againsttheX-ray variation (Uem ura
et al.2002h). Spectroscopic observations revealed that
V4641 Sgrconsistsofa black hole and a late B-type star
(O rosz etal.2001).Asreported below,V4641 Sgrexpe-
rienced activephasesin thenextcoupleofyears(Uem ura
et al.2002d; Uem ura et al.2004a;Rupen et al.2003),
however,no com parable outburstto the 1999 Septem ber
giantonehasbeen yetobserved.
W hiletheirbinary com ponentsaretotally dierent,the
short outbursts ofV4641 Sgr and CI Cam have several
com m on characteristics: First, spatially resolved radio
jets were associated with the outburst in both system s
(Hjellm ing et al.1998; Hjellm ing et al.2000). Second,
the peak lum inosities reached the Eddington lum inosity
(Robinson et al.2002;Revnivtsev et al.2002b). Their
high lum inosity im plies that supercriticalaccretion oc-
curred. Since the m atter falls with alm ost free-falltim e
scale in the supercriticalaccretion, the problem of the
short duration ofthe outbursts can be reconciled. The
optical{X-ray anti-correlation ofV4641 Sgr m ay be un-
derstood with thescenario thattheoptically-thick super-
criticalaccretion ow absorbed the X-ray em ission and
re-em itted the opticalem ission (Revnivtsev etal.2002a;
Uem ura etal.2002h). Itis,however,stillunknown how
the supercriticalaccretion wasinduced.
6.4.2. Short-term ,non-therm alopticalvariations
In the classicalpicture, the opticalem ission is ther-
m alem ission from the outerportion oftheaccretion disk
where the tem perature is relatively low ( 104 K ).The
observed tim e scale of opticalvariations is hence long,
such assuperhum ps(e.g.O ’Donoghue,Charles1996)and
orbitalperiod variations (e.g. K ato et al.1995b). The
black hole binary system ,G X 339-4 is,however,known
to show rapid opticalvariationsofthe tim e scale ofsec-
onds(M otch etal.1982;M otch etal.1983). Such short
tim e scalevariationsindicatethatthey originatefrom an
inner portion ofthe accretion ow. They are proposed
to be cyclo-synchrotron em ission from the inner region
(M otch et al.1982),however,the m echanism to gener-
ate the em ission and variations is poorly known. The
VSNET collaboration team hasrecently observed optical
rapid variationsoftwosources,thatis,XTE J1118+ 480=
K V UM a (Uem ura etal.2000c)and V4641 Sgr(Uem ura
etal.2002d;Uem ura etal.2004a).
XTE J1118+ 480 wasdiscovered with the RXTE/ASM
on 2000 M arch 29 (Rem illard et al.2000). W e discov-
ered an opticalcounterpart at 12.92 m ag on M arch 30
(Uem ura et al.2000f). The opticallight curve showed
so m any uctuations that Uem ura et al. (2000c) sug-
gested the presence ofopticalrapid variations. Spruit,
K anbach 2002 detected opticalshort-term (a few tensof
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Fig.11. \O pticalash" from V 4641 Sgr observed on 2002 July 7.
seconds) variations which correlate with the X-ray vari-
ations. These rapid opticalvariations are also proposed
to be synchrotron em ission from the inneraccretion ow
(Spruit,K anbach 2002).SinceXTE J1118+ 480rem ained
at a low/hard state throughout the outburst,the inner
region isconsidered to be lled notby thestandard disk,
but by the advection dom inated accretion ow (ADAF:
Narayan,Yi1994). In the ADAF region,the gas den-
sity is so low that the m agnetic pressure is dom inant
(M ineshige etal.1995). The opticalrapid variationsare
probably generated atshock regionsin such an innerre-
gion,which areform ed by m agneticreconnectionsorcol-
lisions ofblobs in the m agnetically-dom inated accretion
ow (Uem ura etal.2002d).
Afterthe lum inous,shortoutburstin 1999 Septem ber,
V4641 Sgr experienced a new active phase in 2002 and
2003. The VSNET collaboration succeeded in detecting
rapid opticalvariationsduring the 2002 active state (g-
ure 11), whose detailed features and interpretation are
reported in Uem ura etal.(2004a)in thisvolum e.
6.4.3. ClassicalsoftX-ray transients
Superhum ps,which havebeen originally studied in SU
UM a-type dwarfnovae,are also observed in soft X-ray
transients (e.g. O ’Donoghue,Charles 1996). To observe
the evolution ofsuperhum ps was dicult in the case of
softX-ray transientsbecause oftheirrare outbursts,rel-
atively long orbitalperiod, and long durations of out-
burstsm adea densesam pling throughoutoutburstsdi-
cult.O urintensecam paign ofXTE J1118+ 480,however,
rst revealed the evolution ofsuperhum ps in soft X-ray
transients(Uem ura etal.2002g).The superhum p period
wasrst0.43% longerthan the orbitalperiod,and then
decreased during the m ain outburst. Superhum ps in SU
UM a-type dwarfnovae also exhibit this behavior,which
can be interpreted by the contraction ofthe ellipticalac-
cretion disk (O saki1985)ortheinward propagation ofthe
eccentricity wave(Lubow 1992).
Itisproposed thatthereareisinduced by thegrowing
tidaldissipation (Ichikawa etal.1994;Trussetal.2002).
This m odel was developed based on the fact that su-
perhum ps appeared only after the reare (O ’Donoghue,
Charles1996).O n theotherhand,superhum psappeared
even before the reare in XTE J1118+ 480 (Uem ura
etal.2002g).TheVSNET collaboration obtained a dense
sam plearound thereareofXTE J1859+ 226,which isre-
ported in Uem ura etal.2004c in thisissue. W e detected
periodic variations,which m ay be superhum ps,even be-
fore the reare ofXTE J1859+ 226. These observations
are unfavorable forthe above scenario forthe reare. It
is also proposed that strong X-ray irradiation onto the
outer accretion disk m ay induce the reare (e.g. K ing,
Ritter1998).
6.4.4. High-M ass X-Ray Binaries
SS 433 = V1343 Aqlis an active high-m ass X-ray bi-
nary (HM XB)with relativisticjets,and thenatureofthe
binary system is still m ysterious in m any aspects. Its
opticalm agnitudeisfrequently m onitored by VSNET ob-
servers,and rem arkable (brightening orfading)behavior
isreported via vsnet-cam paign-xray when itoccurs.
In 1995,1998,and 2000,sim ultaneousm ulti-wavelength
observationswereorganized bytheASCA team ofRIK EN
(N.K awaietal.,in preparation)in orderto determ inean
accurate ephem eris of the eclipse and to com pare light
curvesin the X-ray and opticalwavelengths,which yield
a clue to understand the em itting regions in the binary
system .In these cam paigns,VSNET played the roleofa
m edium forexchanging inform ation on the opticalparts,
such as calls for opticalinform ation,explanation ofthe
background,and practicalconditionsand notesforobser-
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vation (e.g.vsnet103,forthe 1995 cam paign).77
6.5. Supernovae
O ur contributions to the spectroscopic type deter-
m ination of supernovae are sum m arized in table 1.
Conrm atory observations,identicationsand sim ilarac-
tivities reported in IAUCsare also listed in table 2. W e
alsorun them ailinglistvsnet-cam paign-sn,78 whichisnow
widelyknown asthem ostreliableand up-to-dateinform a-
tion ofsupernovae. The \LatestSupernovae" page (sub-
section 3.3)hasbeen collaboratingwith it,which alsopro-
videsUSNO -A2.0(M onetetal.1998b)based chartsm ade
by O dd Trondalforalm ostevery supernova brighterthan
20th m agnitude. The charts gives blue and red m agni-
tudesforphotom etricreferencestars,thelatteroneshave
been widely used for\CR" m easurem ents(see Appendix
2.1).
Besidesobjectsdescribed in thesubsections1.3and 5.4,
herewem ention hererem arkableexam ples.
SN 1997efin UG C 4107 wasdiscovered by Yasuo Sano,
one ofthe m ost active participants ofVSNET (Nakano
et al. 1997). It was originally announced as \possible
supernova", because its spectra was quite unusualand
could notconvincingly beclassied asthatofa supernova
(G arnavich etal.1997b). Furtherspectroscopic observa-
tionsrevealed thatitwaslikely an explosion with m assive
(severalM  ) ejecta. The object consequently received
the designation ofSN 1997ef(Hu etal.1997,Filippenko,
M artin 1997). Filippenko,M artin (1997)and G arnavich
et al.(1997a) suggested that it was likely be an explo-
sion of a stripped very m assive star, a suggestion sup-
ported by theoreticalm odeling (Iwam oto etal.2000).It
isthe rstexam ple ofthe so-called \type-Ic hypernova",
a concept developed after the suggested association SN
1998bw with G RB 980425 (G alam a etal.1998,Iwam oto
etal.1998),SN 2002ap (see subsection 5.4),and the un-
am biguous identication ofthe supernova signature (SN
2003dh)in G RB 030329 (seesubsection 6.15).
SN 1997eiwasdiscovered by M asakatsu Aoki(Nakano,
Aoki 1997) in NG C 3963. The rst spectroscopy re-
ported in IAUC indicated that it is a type-Ia supernova
(G arnavich etal.1997c).O urspectroscopy showed som e
peculiarity, then we reported that it could be a pecu-
liar type-Ia supernova (Ayani, Yam aoka 1997). From
later spectroscopic observations,it nally turned out to
be a type-Ic supernova (W ang et al. 1998, Filippenko,
M oran 1998).
TheSN 1998T casetaughtustheim portanceofidenti-
cation.Itwasproduced in a pairofinteracting galaxies,
and som e cataloguesofgalaxiesgave discrepantdesigna-
tionsforthem .Theblobbynatureofthehostgalaxiesalso
led to m isidenticationsofthesupernova.Thediscussion
on vsnet-chat,including the consultation ofthe NG C/IC
project79,led usto a correctidentication ofthegalaxy,
77
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet/
m sg00103.htm li.
78
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-sn/m sg00785.htm li.
79
hhttp://www.ngcic.com /i.
which wasaccom panied by precise astrom etry (Yam aoka
etal.1998).
SN 1998bu in M 96 wasdiscovered by M arko Villi. It
wasthe nearestsupernova since SN 1993J in M 81. The
rstspectroscopy reported in IAUC wasa high-dispersion
one,which could only determ ine the depth ofthe inter-
stellarabsorption within ourG alaxy and the hostgalaxy
(M unarietal.1998). O urspectrum revealed thatitisa
type-Ia supernova,and this report was naturally posted
to vsnet-alert178580. Itwasdistributed earlierthan the
relevant IAUC (Ayaniet al.1998),which also included
other spectroscopy (M eikle et al.1998). In response to
the type determ ination,the CO M PTEL instrum ent was
pointed towardsSN 1998bu in orderto detectthe line -
ray of56Co decay,which had been detected only from SN
1991T,the peculiarlum inoustype-Ia supernova.Despite
SN 1998bu isasclose to usasSN 1991T,the -ray lines
wasnotdetected (G eorgiietal.2002),which m ay suggest
a diversity am ong type-Ia supernovaein theline-ray,as
wellas in the lightcurves (Riess et al.1996)and in the
spectra (Nugentetal.1995).
The rst spectroscopic observation ofSN 1998es indi-
cated that it is an intrinsically brighttype-Ia supernova
like SN 1991T (Jha etal.1998a). O ur reportconrm ed
it,giving in addition thespectralevolution and theinter-
stellarextinction (Ayani,Yam aoka 1998c).
SN 1999dn wasa case sim ilarto SN 1997ei.O urspec-
trum suggested that it was of type Ic with week Hei
lines(Ayanietal.1999).The sam e IAUC also contained
two spectroscopic observations, one of which (Turatto
et al.1999) reached the sam e conclusion,but the other
suggested itwasoftype Ia (Q iu etal.1999).Laterspec-
troscopyrevealed thatSN 1999dn isan interm ediateevent
between typeIb and typeIc (Pastorello etal.1999).
SN 2000ch wasa very sublum inous supernova. It was
originally announced as a variable star in eld ofNG C
3432 (Papenkova, Li 2000). W e noticed that the ob-
ject can be seen on the DSS im ages since 1998 (vsnet-
chat2908),81 (Yam aoka 2000).O n the otherhand,spec-
troscopy of this object (W agner et al. 2000) suggested
that it is located within NG C 3432. From these nd-
ings,Filippenko (2000) assigned the supernova designa-
tion ofthis object,resem bling the \type-V" SN 1961V.
Thecom m entofthediscoverer(vsnet-chat2944)82 nally
supported thisclassication.
SN 2001bfwasyetanotherexam plesim ilartoSN 1997ei
and SN 1999dn. Despite ofits low signal-to-noise ratio,
our spectrum clearly showed a deep Siiiabsorption fea-
ture,from which we estim ated thatitisa type-Ia super-
nova (K awakita et al.2001a). Another group suggested
that it is oftype Ic (Phillips,K risciunas 2001),but the
laterspectralevolution revealed thatitisindeed atype-Ia
supernova (Chornock etal.2001).
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hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/alert1000/
m sg00785.htm li.
81
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/chat2000/
m sg00908.htm li.
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hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/chat2000/
m sg00944.htm li.
30 T.K ato etal. [Vol.,
SN 2002ao was a slightly dierent case. The rst re-
porton IAUC quoted the resem blance with type-IIb su-
pernovae (G al-Yam et al.2002a,G al-Yam et al.2002b).
W eestim ated thatitisoftypeIc(K inugasaetal.2002d),
which is consistent with a later report (Filippenko,
Chornock 2002) indicating the resem blance with SN Ic
1999cq. The rapid decline (Yam aoka et al. 2002c) of
SN 2002ao wasanothercom m on feature with SN 1999cq
(M atheson etal.2000).
O therIAUC issuesin relation with the activity ofthe
VSNET adm inistrators include IAUC 7033 (SN 1998eg:
Hurst et al. 1998), IAUC 8101 (SN 2003cg: Hirose,
Yam aoka 2003), and IAUC 8171 (SN 2003gs: Evans
etal.2003).
6.6. Sym biotic Variables
Bright sym biotic variables (cf. Allen 1984; K enyon
1986;Belczynskietal.2000;M unari,Zwitter2002)have
been well-observed by m any m em bers of the VSNET
Collaboration (see gure 12). These observations pro-
vided a num ber ofdetections ofoutbursts and eclipses,
which were im m ediately relayed to m ore specialized re-
searchersfordetailed study.
The eclipse phenom enon in the outbursting objectFN
Sgrwasdiscovered through theVSNET regularactivity.83
Thiswork wassum m arized by W atanabeetal.(2000).
Theoutburstand possibleeclipsephenom enon in V343
Ser = AS 289 was discovered by K esao Takam izawa (=
Tm z V17,vsnet-obs 8957)84 and M inoru W akuda. The
nalpublication isby Takam izawa etal.(1998).
V1413 Aql= AS 338 isanotherobjectwhoseeclipsing
sym biotic nature (cf.gure 13)wasrevealed by am ateur
astronom ers(W akuda1988).85 Theoutburstsandeclipses
were regularly announced in VSNET,which have been
followed by a num ber ofresearchers (e.g. Esipov et al.
2000;K olotilov etal.2001).
K ato (2000)reported the sim ilarity oflightcurvesbe-
tween CH Cyg and the supersoft X-ray sources (V Sge
and RX J0513.9  6951)based on VSNET observations.
The 1997 and 2000 outbursts ofZ And were reported
in vsnet-alert938,86 and vsnet-alert5232,5233,87 respec-
tively.Theseoutburstsenabled,m oreorlessowing to the
VSNET alerts,m odern observationsofthisclassicalsym -
bioticbinary (Sokoloski,Bildsten 1999;Skopaletal.2000;
Skopal2003;Tom ov etal.2003).
Ishioka etal.(2001d)system atically studied short-term
variations of V694 M on = M W C 560. During the en-
tireperiod ofobservations,theobjectshowed pronounced
ickering activity. Thiswork hasbeen referred to asone
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85 See hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/docs/
v1413aql.htm lifora fullstory.Seealso Schulte-Ladbeck (1985),
M unari(1992),M unarietal.(1993).
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hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-alert/m sg00938.htm li.
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hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
alert5000/m sg00232.htm li and hhttp://www.kusastro.kyoto-
u.ac.jp/vsnet/M ail/alert5000/m sg00233.htm li.
ofthe m ostintensivephotom etric observationsofthspe-
culiar sym biotic variable (Schm id et al. 2001; see also
Sokoloskietal.2001 fora recentsurvey work). W e now
have a dedicated m ailing list for sym biotic stars vsnet-
sym bio88 for inform ing about recent activities, particu-
larly announcem entsofoutburstsand eclipses,ofsym bi-
otic variables.
6.7. R Coronae Borealis Starsand Related Objects
R CrB stars are hydrogen-decient carbon stars
which show occasional fadings caused by dust form a-
tion (Clayton 1996). A representative light curve ofR
CrB from VSNET observations is shown in gure 14.
Early announcem ents ofthe fadings ofR CrB stars can
provide the best opportunities to study the form ation
m echanism of dust in these stars. Before the VSNET
era,these fadings had been only widely announced only
when the objects had unm istakably faded (typically be-
low  1 m ag below theirusualm axim um );the early de-
cline stage had been usually overlooked. The real-tim e
com m unication via the VSNET public lists broke this
historical lim itation. The m ost dram atic instance was
with the rst-everfading ofFG Sge (also known asa -
nalhelium ash object) in 1992 late August{Septem ber
(cf. history partly recorded in vsnet-history 200,202).
It was only when the object had already faded by 1
m ag when IAUCs were issued (Papousek,G ranslo 1992;
W aagen et al.1992; W oodward et al.1992). This de-
tection of a possible fading (1992 August 30) reported
by Nobuhiro M akiguchi(VSO LJ,see subsection 2.3)was
im m ediately attended by a num ber of world-wide ob-
servers. This fading was the rst one of the series of
fadings successively occurring up tp now (cf. Iijim a,
Strafella1993;Iijim a1996;Iben,Livio1993;Jurcsik 1993;
Stoneetal.1993;W oodward etal.1993;Arkhipova 1994;
Sim on 1994;van G enderen 1994;K ipperetal.1995;van
G enderen, G autschy 1995; Arkhipova 1996; Arkhipova,
Esipov 1996;Arkhipovaetal.1994;Arkhipovaetal.1996;
Arkhipova et al. 1998b; Arkhipova et al. 1998c;
Arkhipova et al. 1999a; K ipper, K lochkova 1999b;
G onzalez et al.1998;Jurcsik,M ontesinos 1999;K ipper,
K lochkova 2001). The discovery ofthe fading in FG Sge
broughta breakthrough in theunderstanding oflate-tim e
low-m assstellarevolution:ourunderstanding ofFG Sge
had been slow and lim ited before this phenom enon (cf.
Cowley etal.1985;Aikawa 1985;Arkhipova etal.1991;
although theunusualnatureofthisobjectwasrecognized
m ore than 30 yr ago and had long been discussed from
dierent standpoints,including binary hypothesis and a
therm alpulse in stellar evolution (e.g. K ukarkin 1960;
Furtig, W enzel1962; Herbig, Boyarchuk 1968; W enzel,
Furtig 1971; Paczynski 1970; Paczynski 1971; Sparks,
K utter 1973; Christy-Sackm ann, Despain 1974; Langer
et al.1974;Cohen et al.1980;K urtz 1986;Feibelm an,
Bruhweiler 1990). It is now widely believed that FG
Sge,V605 Aql,and V4334 Sgr (cf. subsection 6.2.1),as
88
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-sym bio/m aillist.htm li.
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Table 1. Spectroscopy ofsupernovae.
SN nam e Type VSNET article RelevantIAUC Rem ark
1995al Ia alert266 6256 (Ayani,K awakita 1995) seesec.5.4.
1997ei Ic alert1399 6800 (Ayani,Yam aoka 1997) seetext.
1998an Ia alert1684 6878 (Ayani,Yam aoka 1998a)
1998aq Ia alert1681 6878 (Ayani,Yam aoka 1998b)
1998bu Ia alert1785 6905 (Ayanietal.1998) seetext.
1998es Ia,pec alert2394 7059 (Ayani,Yam aoka 1998c) seetext.
1999bg II alert2816 7137 (Ayani,Yam aoka 1999a)
1999dn Ib/c alert3380 7244 (Ayanietal.1999) seetext.
1999gn II alert3842 7336 (Ayani,Yam aoka 1999b)
1999gq II alert3862 7339 (Ayani,Yam aoka 1999c)
2001bf Ia alert5873 7625 (K awakita etal.2001a) seetext.
2001bg Ia alert5871 7622 (K awakita etal.2001b)
2001dp Ia alert6299 7683 (M igliardietal.2001)
2002ao Ic cam p-sn 339 7810 (G al-Yam etal.2002a) seetext.
2002ap Ic,pec alert7120 7811 (K inugasa etal.2002a) seesec.5.4.
2002bj II(n?) cam p-sn 363 7844 (K inugasa etal.2002e) lum inous
2002bo Ia alert7241 7848 (K inugasa etal.2002c)
2002bu IIn alert7259 7864 (Ayanietal.2002)
2002fk Ia alert7516 7976 (Ayani,Yam aoka 2002)
2003J II cam p-sn 534 8048 (Ayanietal.2003)
2003K Ia cam p-sn 534 8048 (Ayanietal.2003)
alertforvsnet-alert,chatforvsnet-chat,
cam p-sn2002ap forvsnet-cam paign-sn2002ap,
cam p-sn forvsnet-cam paign-sn,
Table 2. Identication,astrom etry and follow-up ofsupernovae.
SN nam e VSNET articles RelevantIAUCs Rem ark
1998T chat775,779,780,786,787 6859 (Yam aoka etal.1998) see text.
1999et    7344 (Yam aoka,Yam am oto 2000)
2000M alert4320 7373 (Dim aietal.2000)
2000P alert4363,4365,4366,4368,4369 7378 (Colasetal.2000),
7379 (corrigendum )
2000ch chat2908,2941,2944 7415 (Papenkova,Li2000), see text.
7417 (W agneretal.2000),
7419 (Yam aoka 2000),
7421 (Filippenko 2000)
2000cm alert4944,chat3035 7436 (M ueller,Rykoski2000),
7437 (Jha etal.2000a),
7438 (Jha etal.2000b)
2001dp alert6317 7683 (M igliardietal.2001)
2002ao alert7190 7836 (Yam aoka etal.2002c) see text.
2002ap cam p-sn2002ap 154 7836 (Yam aoka,Rogers2002) prediscovery
2002dm cam p-sn 440 7921 (Sandersetal.2002),
7923 (Yam aoka,Sanders2002)
2002ed alert7441,cam p-sn 454 7940 (M onard,Li2002),
7943 (Yam aoka 2002)
2003ez    8141 (Papenkova,Li2003),
8142 (Yam aoka,Ayani2003)
Abbreviationssam easin table1.
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Fig.12. Lightcurve ofCH Cyg from V SN ET observations.
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Fig.13. Light curve ofV 1413 A qlfrom V SN ET observations. D eep eclipses are superim posed on a gradualfading from the 1995
outburst(Elizalde et al.1995;M unarietal.1995b.
Fig.14. Light curve ofR CrB from V SN ET observations.
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wellas som e unusualR CrB stars (cf. V348 Sgr, e.g.
Clayton 2002) com prise a sequence ofnalhelium -ash
objects(cf.Lawlor,M acDonald 2003).
The dram atic fading ofES Aql,which had been sus-
pected to be an R CrB-type star, was rst announced
through the VSNET alert network;Peter W illiam s was
the rst to detect this object getting fainter than 14.0
on 2001 M arch 22. Based on this inform ation,Clayton
et al.(2002)succeeded in clarifying the R CrB-type na-
tureofthisobject.
The other R CrB-type star recognized through the
VSNET activity is V2552 O ph = Had V98 (K ato,
Haseda 2003,Rao,Lam bert2003;seesubsection 5.3).
W e now have a dedicated m ailing listfor R CrB stars
and related objects vsnet-rcb,89 which is best em ployed
by the researchers ofthis eld. M ore recent announce-
m entsofrareR CrB-typefadingsincludethe2003 fading
ofV3795 Sgr (vsnet-rcb 585).90 Although the attem pt
wasnotvery successful,Rosenbush (2001)tried to predict
future lightcurveofR CrB using VSNET observations.
6.8. Be Stars
Am ongrecentphenom enain Bestars(B-typeem ission-
linestars),thecaseof Scorpiiisstillfresh in ourm em ory.
The star, which had been considered as a non-variable
B-type star,underwent a dram atic change in 2000 July.
Sebastian O tero,aVSNET m em ber,visuallynoticed a0.1
m ag brightening in  Scorpiiand issued an alertthrough
the VSNET (vsnet-be 2).91 Thesupposed transition to a
Be starwassubsequently conrm ed by spectroscopic ob-
servations(Fabregatetal.2000).Thestarfurtherbright-
ened to a m axim um ofV  1.8 around 2000 July 30.Such
a dram aticchangein a brightnaked-eyestarisextrem ely
rare.The only com parableprecedentphenom enon was
Cassiopeiae in 1937,which brightened to V  1.6. This
newswaswidely distributed through public newsm edia,
asoriginatingfrom theVSNET,and becam etheoneofthe
m ostpopularastronom icalphenom ena in thatyear.This
object,afterreaching a tem poralm inim um justfollowing
the initialpeak,continues to show rem arkable activities
up to2003(O teroetal.2001;G andetetal.2002).O n sev-
eraloccasionsin 2002 and 2003,the stareven brightened
closeto V  1.5,even slightly surpassing in brightnessthe
historicaleventof Cassiopeiae.
In the afterm ath of this event, visual m onitoring of
bright Be stars has been conducted by a num ber of
VSNET m em bers,m ostintensively by O tero. These ob-
servationshave detected ofnum ber ofoutbursts,e.g. in
 Centauri(cf. Baade etal.2001)and ! Canis M ajoris
(cf.O tero 2002).TheVSNET runsdedicated listson the
Be-starphenom enon,vsnet-be92 and vsnet-cam paign-be.93
89
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-rcb/
m aillist.htm li.
90
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-rcb/
m sg00585.htm li.
91
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-be/
m sg00002.htm li.
92
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-be/
m aillist.htm li.
93
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
6.9. W olf{RayetStars
W olf{Rayet(W R)starsarem assive,lum inous,and hot
stars which have lost their hydrogen envelope, and are
considered to be im m ediate precursors ofsom e kinds of
supernovae, and likely G RBs. In spite of their astro-
physicalim portance,W R starswere lessconspicuousob-
jectsin term sofopticalvariability.The only known cat-
egories of variability in W R stars had been occasional
short-period obscuration by dustproduction,instabilities
in thewind,orpossiblepulsation (seeW illiam setal.1990;
W illiam s1995;Veen etal.1998 forrecentreferences).
This situation dram atically changed by the discover-
ies of the two m ost actively variable W R stars by the
VSNET team (W R 104 = Had V82 = V5097 Sgr: K ato
et al.2002d,W R 106 = Had V84 = V5101 Sgr: K ato
etal.2002c).Both objectswereinitially reported asvari-
ablestarsby K atsum iHaseda,detected during hissearch
fornovae. The variablessoon turned outto be identical
with known W R stars. In particular,W R 104 is a well-
known binary consisting ofa late-type W R star and an
O B star.Them ostrem arkablefeaturein thisobjectisthe
presenceofa\dusty pinwheelnebula"(Tuthilletal.1999;
Tuthilletal.2002)co-rotatingwith theinterferom etricbi-
nary.Theim portanceofthedetection oflarge-am plitude
opticalvariation was im m ediately recognized and com -
m unicated via VSNET alertnetwork. Such a large vari-
ation in W R 104 required a non-classicalinterpretation
(K ato etal.2002d). W ith these conspicuousdiscoveries,
theVSNET signicantly broadened the scopeofvariabil-
ity studies ofW R stars,and this eld is now becom ing
one ofthe contem porary topicsin studying the W R-type
activity. Com bined with the recentadvance in G RB as-
tronom y,theim portanceoffundam entalunderstandingof
various phenom ena in W R stars willbe a m atter ofkey
im portance.
6.10. Pre-m ain Sequence Stars
Som epre-m ain sequencestarsshow dram aticoutbursts
(FU O ristars: FUO Rs) and sm aller outbursts (EX Lup
stars: EXO Rs), probably originating from som e kind
ofinstabilities in the circum stellar disk (e.g. K awazoe,
M ineshige 1993). O utbursts ofthese objects were occa-
sionally followed by the VSNET Collaboration.The best
exam plewasthe1995 outburstofV1143 O ri(Baba etal.
in preparation). O utbursts ofV1118 O rihave also been
occasionally reported (e.g.Hayakawa etal.1998).
Am ong pre-m ain sequence stars, Herbig Ae/Be stars
have been one ofthe best observed objects by VSNET
m em bers. The recentdiscovery ofa likely Herbig Ae/Be
starwith large-am plitude variation,M isV1147,hasbeen
widely studied through the VSNET (M .Uem ura et al.
in preparation).O therobjectsofthisclass,wellobserved
and tim elyinform ed through theVSNET,includeUX O ri,
RR Tau,CQ Tau,AB Aur,RZ Psc and W W Vul(see
gure 15). Rem arkable variations in these objects have
been relayed through adedicated listofpre-m ain sequence
vsnet-cam paign-be/m aillist.htm li.
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Fig.15. Com plex lightcurve ofthe H erbig A e/Be star R R Tau from V SN ET observations.
variables,vsnet-orion,94 and utilized for detailed follow-
up studies.
6.11. Peculiar Variable Stars
Som e peculiar (or unique) variable stars were also
studied by the VSNET Collaboration. The m ost strik-
ing objects include V651 M on (the central star of the
planetary nebula NG C 2346). This binary system con-
taining a B-type subdwarf underwent a totally unex-
pected fading in 1981{1985 (fora sum m ary ofthisevent,
see Costero et al. 1986). Although no sim ilar phe-
nom enon was recorded in the century-long past photo-
graphicrecords,theobjectunderwentanotherunexpected
fading episode in 1996{1997. This phenom enon was de-
tected by Danie O verbeek,and im m ediately reported to
theVSNET (vsnet-alert548).95 Following thisannounce-
m ent,K ato etal.(2001e)succeeded in recording thephe-
nom enon in detail.Therewasa sharply dened transient
clearing (brightening)even during thisfading,which was
ascribed to a sharply dened,sm all(severaltim es 1011
cm )lucentstructurewithin theobscuringbody.Seegure
16 forthe recentlightcurve.
6.12. Pulsating Variables
Although pulsating variableswereonly occasionally se-
lected as intensive targets ofthe VSNET Collaboration,
the VSNET public data archive(cf.gure17),aswellas
theVSO LJ database,havebeen frequently used in period
analysis,and correlation studieswith otherobservational
m odalities.Thesereferencesto theVSNET/VSO LJ data
havebeen sonum erousthatweonly listm ostrecentones:
historicalarchive for  Cephei(Ski 2001),evolution of
R Hya (Zijlstra, Bedding 2002), dust form ation in L2
Pup (Bedding et al.2002),possible chaotic behavior in
R Cyg (K iss, Szatm ary 2002), period determ ination of
V648O ph (K azarovets,Pastukhova2002),non-variability
94
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-orion/
m aillist.htm li.
95
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-alert/
m sg00548.htm li.
ofEK And (Yoshida etal.2003),and period variation in
T UM i(Szatm ary etal.2003).
Num erousnew variable starsreported in vsnet-newvar
(subsection 5.2)havebeen studied in detail,andhavebeen
reported in a num erous num ber of papers published in
Inform ation Bulletin on VariableStars(IBVS).
 Cas,originally classied asa yellow sem iregularvari-
able, is now considered to be a low-tem perature coun-
terpart (yellow hypergiants: de Jager 1998; Israelian
et al.1999; de Jager et al.2001; Stothers, Chin 2001)
of the extrem ely lum inous hot hypergiants (lum inous
blue variables: LBVs). This object occasionally under-
goes tem porary optical fadings caused by huge m ass-
loss events, usually once in decade(s) (gure 18). The
m ost spectacular recent event occurred in 2000 (Lobel
et al.2003). Independent detections,including that by
one ofthe authors (TK ),ofthis phenom enon were cir-
culated through the VSNET (vsnet-alert 5186,5187),96
which enabled rst dense opticalcoverage of this kind
of phenom enon. Upon recognition of the astrophysical
signicance ofthis event,we set up a dedicated m ailing
listvsnet-cam paign-rhocasin 2000August.97 Theseobser-
vations have provided the prim ary resource on this rare
event,and are referenced on Lobel’sdedicated page on 
Cassiopeiae.98 In 2003therewasasm allsignatureofaline
variation sim ilartotheprecursoreventin 2000.Thisnews
waswidelyannounced through vsnet-cam paign-rhocasand
the objecthasbeen intensively observed.
6.13. Eclipsing Binaries
Although classical (other than CV-type or sym bi-
otic type) binaries are usually not intensive targets
for the VSNET Collaboration, there have been sev-
eral calls for observations, particularly for long-period
96
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/alert5000/
m sg00186.htm li and hhttp://www.kusastro.kyoto-u.ac.jp/
vsnet/M ail/alert5000/m sg00187.htm li.
97
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-rhocas/m aillist.htm li.
98
hhttp://cfa-www.harvard.edu/ alobel/i.
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Fig.16. Lightcurve ofV 651 M on from V SN ET observations.
Fig.17. Lightcurve ofthe RV Tau-type starR Sctfrom V SN ET observations.
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Fig.18. Light curve of Casfrom V SN ET observations.
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eclipsing binaries (e.g. OW G em , EE Cep). Visual
and CCD/photoelectric observations,aswellascom pari-
son star sequence inform ation,have been exchanged on
VSNET lists. The discovery of eclipses in the bright
naked-eye star  Velorum was one ofthe breaking news
m ediated through theVSNET (seealsoO teroetal.2000).
A dedicated listfor Velorum observationshasbeen set
up,vsnet-cam paign-deltavel.99
The VSNET runsdedicated listson eclipsing binaries,
vsnet-ecl100 which are now recognized as one of world-
wide networksexchanging inform ation in eclipsing bina-
ries. K azuo Nagai(VSO LJ) has been sum m arizing the
tim esofm inim um ofeclipsing binariesreported to vsnet-
ecl.
6.14. Blazars
Blazars (BL Lac objects and optically violently vari-
ablequasars)arealso oneofthetargetsoflong-term and
intensive observing cam paign. W e run a dedicated list
vsnet-cam paign-blazar101 for exchanging inform ation on
blazar activities and upcom ing collaboration with other
world-wide blazar groups. From the very establishm ent
of the W hole Earth Blazar Telescope (W EBT: Villata
et al.2002b),102 we have been continuously in collabo-
ration with thisgroup.
In addition to continuousvisualm onitoring cam paigns
on stronglyactiveblazars,such asO J287,M arkarian 421,
3C 279,quick electroniccirculation and prom ptfeedback
via the VSNET discussion group led to the notable dis-
covery ofunexpectedly large,short-term intranightvari-
ation ofBL Lac in 1997.103 This intensive observation
was initiated by a report ofa bright state ofBL Lac in
IAUC (M attox etal.1999),which initially revealed \out-
bursts" every ve to ten days. Following this stage,the
object entered a m ore active phase in m id-July to early
August. During this stage,real-tim e com parisons ofvi-
sualobservations through the VSNET discussion group
revealedsubstantialdiscrepanciesdependingon observers’
longitudes. These discrepancies,which were m uch larger
than whathad been recognized asblazarm icrovariability,
were initially considered asa resultofan inhom ogeneous
m agnitude system . This possibility was soon disproved
by the real-tim edistribution ofthe m odern photoelectric
com parison starm agnitudes.By theend of1997July,the
incredibleshort-term variation (0.8 m ag in fourhours)in
BL Lachad becom ea doubtlessphenom enon.
In response to these visual observations, the K yoto
University team obtained long tim e-resolved CCD pho-
tom etry at O uda Station, revealing the unprecedented
com plexity and fastvariation in the lightcurve. A sim i-
larconclusion wasreached with tim e-resolved CCD pho-
99
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-deltavel/m aillist.htm li.
100
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-ecl/
m aillist.htm li.
101
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-cam paign-blazar/m aillist.htm li.
102
hhttp://www.to.astro.it/blazars/webt/i.
103
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/BLLAC/bllac.htm li.
tom etry by Tonny Vanm unster,which was also rapidly
com m unicated via VSNET.The variation has a power-
law tem poralproperties,analogousto thoseofAG N vari-
ability (although thevariation in BL Lacwasm uch m ore
violentand rapid),which can betracked down tovem in-
utes.Thisisoneoftheshortesttim escaleseverrecorded
in blazaropticalvariation (M atsum oto etal.1999). The
early results by the VSNET team were presented atthe
23rd IAU G eneralAssem bly held in K yoto held in 1997
August.
Since then,severalstudieshavebeen perform ed in col-
laboration with the W EBT (Ravasio et al.2002;Villata
et al.2002a). Long-term lightcurves ofselected blazars
from VSNET observationshavebeen widely used forcor-
relation with m ultiwavelength data.
6.15. Gam m a-Ray Bursts
TheVSNET collaboration team hastried to search op-
ticalafterglowsofG RBsand reported theirdetection or
upper-lim its of m agnitudes. Earlier announcem ents of
Beppo SatelliteperAstronom ia X (BeppoSAX)G RB de-
tectionswerereported to vsnet-alert.Since2000June,we
set up a dedicated list for G RB announcem ents (vsnet-
grb).104 This m ailing list is currently em ployed to dis-
tribute satellite-borne alerts, as a secondary distribu-
tion nodeoftheG RB CoordinatesNetwork (G CN).105 A
public m ailing list vsnet-grb-info,106 originally extended
from vsnet-grb, currently provides G CN Circular infor-
m ation as wellas our own observations by the VSNET
Collaboration. Table 3 sum m arizesour own G RB after-
glow observations(notallobservationsare listed),which
isan extension oftable 1 in Yam aoka etal.(2003b).See
the corresponding G CN Circularsform oredetails.
Herewesum m arizeoursignicantdetectionsand their
im portancein G RB astronom y:
GRB010222: O ur observation of the afterglow of
G RB010222 covered a period around the jet break
(Uem ura et al.2001a). This is the rstdetection ofthe
G RB afterglow in Japan.107 Thisobservation encouraged
observershaving sm alltelescopes in Japan to try obser-
vationsofG RB afterglows.
GRB020331: W e succeeded in observing an early after-
glow with R c = 17:9 (17.5{18.7;1- lim its) 64 m in after
theburst(K ato etal.2002r).Thisistheearliestobserva-
tion forthisafterglow.O urobservation revealed thatthe
lightcurvecan bedescribed with a singlepower-law from
the early phase( 1 hr)ofthe afterglow.
GRB021004: O wing to the prom pt identication by the
HETE-2 satellite (Shirasaki2002),we rst revealed the
continuousbehavioroftheG RB afterglow around 1hraf-
104
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-grb/
m aillist.htm li.
105
hhttp://gcn.gsfc.nasa.gov/i.
106
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/
vsnet-grb-info/m aillist.htm li.
107 The rst detection with a Japanese telescope was the infrared
afterglow ofG R B000926 observed with the Subaru telescope in
H awaii(K obayashietal.2000).
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Table 3. G R B A fterglows observed by the K yoto team .
G RB nam e Alerttype Epoch (d) Telescope(cm ) M agnitudey G CN Circular
001025A IPN 1.7 60 > 18.0 866 (Uem ura etal.2000a)
001025B IPN 1.6 60 > 19.0 unpublished
001212 IPN 2.0 25 > 17.5 902 (Ishioka etal.2000b)
010214 SAX 0.29 30 > 18.0 948 (Uem ura etal.2001d)
010220 SAX 1.5 30 > 17.5 unpublished
010222 SAX 0.23 30 17.8 984 (Uem ura etal.2001a)
0.55 30 19.3
011030 SAX 0.28 25 > 16.0 unpublished
011130 HETE 0.47 25 O F unpublished
020124 HETE 0.079 25,30 O F unpublished
020331 HETE 0.033 25,30 17.9 1363 (K ato etal.2002r)
020812 HETE 0.018 60 > 21.2 1515 (O hashietal.2002)
0.038 25,30 > 19.1 1521 (Uem ura etal.2002a)
020813 HETE 0.36 60  19 unpublished
020819 HETE 0.14 60 > 15.0 unpublished
020903 HETE 0.18 25 O F or> 17.5 1537 (Uem ura etal.2002b)
021004 HETE 0.036 25,30 16.3 1566 (Uem ura etal.2002c)
030227 HETE 0.046 25 > 18.0 1899 (Uem ura etal.2003a)
030329 HETE 0.053 25,30 12.6 1989 (Uem ura 2003),
1994 (Uem ura etal.2003f),
2147 (Yam aoka etal.2003a)
030528 HETE 0.004 25 > 16.0 2252 (Uem ura etal.2003b)
030823 HETE 1.24 60 > 20.5 2370 (Im ada etal.2003)
Day afterthe burstdetection.
yUnltered CCD orR c m agnitude.O F = opticalcounterpartoutofthe eld ofview.
tertheburst(Uem ura etal.2002c;Uem ura etal.2003d).
An earlyafterglow wasalsoobserved in G RB990123(Sari,
Piran 1999a),however,ourobservation covered a period
corresponding to an observing gap of the early after-
glow light curve of G RB990123. In the light curve of
G RB021004,the initialfading phase was term inated by
a shortplateau phase thatlasted forabout2 hoursfrom
0.024 to 0.10 d after the burst (Uem ura et al.2003d).
The object then entered an ordinary power-law fading
phase.W eproposethattheplateau phaseisevidencethat
them axim um ofthesynchrotron em ission from a forward
shock region appears around  0:1 d after the burst,as
expected from theoreticalcalculations(Sari,Piran 1999b;
K obayashi,Zhang 2003).The initialfading phasecan be
interpreted aspartoftheopticalash,which wasrecorded
in G RB990123. Ifthisisthe case,the colorofthe after-
glow would have dram atically changed from blue to red
around them axim um ,whileno colorinform ation isavail-
able in thisearly phase(Sarietal.1998).Detectionsthe
colorchange in the early phase willbe an im portantfu-
ture step for G RB astronom y. O n the other hand,the
featurearound 0.1 d aftertheburstcan beoneofa series
ofbum psobserved 1 d aftertheburst(Nakaretal.2003;
Lazzatietal.2002;Fox etal.2003;Schaeferetal.2003;
Li,Chevalier2003).
GRB030329: The world-fam ous \m onster G RB"
G RB030329(gure19)occurred closestto us(z= 0:168),
which gavea chanceforusto study thedetailed structure
ofthe G RB afterglow (Vanderspek et al.2003;G reiner
etal.2003;Caldwelletal.2003). W e detected a bright,
12th-m ag optical afterglow 76 m in after the burst
(Peterson,Price 2003;Torii2003;Uem ura et al.2003f).
W ith theinternationalcollaboration through theVSNET,
we obtained an  11 hrcontinuouslightcurve ofthisaf-
terglow (Uem ura etal.2003e). O urobservation revealed
that the afterglow experienced repetitive m odulations
even in theearly phaseofourobservation.In conjunction
with publicdata reported to theG CN Circulars,thelight
curve was rich in unexpectedly com plicated structures
throughout  6 days after the burst. It is a surprise
that the am plitude ofm odulations was alm ost constant
with tim e. This feature of m odulations is dicult to
be understood with density variations ofthe interstellar
m edium (Nakar et al.2003). The energy in the shock
region m usthavechanged with tim e,whilethem echanism
to generate additionalenergy is an open issue (Uem ura
et al.2004b). The VSNET team also contributed to a
anothercollaborativework on theearlieststageafterglow
(Toriietal.2003).
7. C onclusion
Variable Star Network (VSNET) is a global
professional-am ateur network of researchers in vari-
able stars and related objects, particularly in transient
objects,such ascataclysm icvariables,black holebinaries,
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Fig.19. Fading afterglow ofG R B030329. The im ages were taken by the V SN ET Collaboration. The individualim ages (from left
top to rightbottom ) correspond to 1.27,3.37,8.18 and 28.65 hr afterthe gam m a-ray burst.
supernovae and gam m a-ray bursts. The VSNET has
been playing a pioneering role in establishing the eld of
transient object astronom y, by eectively incorporating
m odern advance in observationalastronom y and global
electronic network, as well as collaborative progress in
theoreticalastronom y and astronom icalcom puting. The
VSNET is now one ofthe best-featured globalnetworks
in this eld ofastronom y. W e review on the historical
progress,design concept,associated technology. W e also
review on the breathtaking scientic achievem ents, as
wellas regular variable star works,particularly focusing
on dwarfnovae(discovery ofER UM a stars,worksin W Z
Sge-type dwarf novae, m ore usualSU UM a-type dwarf
novae,eclipsing dwarfnovae),black holeX-ray transients
(discoveries ofan unexpected violent outburst ofV4641
Sgr,rapid opticalvariationsfrom the sam e object),and
recentachievem entsin gam m a-ray bursts.
W e are grateful to Seiji M asuda and K atsura
M atsum oto,who greatly contributed to the activities of
theVSNET adm inistratorgroup.W earegratefultom any
VSNET m em bers who have been continuously support-
ing our activity. W e are grateful to Em ile Schweitzer
(AFO EV),K eiichiSaijo and M akoto W atanabe(VSO LJ)
forkindly allowing usto use AFO EV and VSO LJ public
database for drawing light curves. W e are also grateful
to Dave M onet for m aking USNO A1 CD-RO M s read-
ily available for us. This work is partly supported by
a grant-in-aid [13640239,15037205(TK ),14740131(HY)]
from theJapaneseM inistryofEducation,Culture,Sports,
Science and Technology. Part ofthis work is supported
by a Research Fellowship of the Japan Society for the
Prom otion of Science for Young Scientists (M U, RI).
This research has m ade use of the astronom ical cata-
logsatAstronom icalData Centersoperated by National
Astronom icalO bservatory,Japan,and NASA.This re-
search hasalso m adeuseoftheDigitized Sky Survey pro-
ducted by STScI,the ESO Skycattool,the VizieR cata-
logueaccesstool,and theElectronicEdition oftheG CVS.
A ppendix 1. Poster P resented at the 23rd IA U
G eneralA ssem bly
D evelopm ent ofa M ailing List on
Variable Stars,V SN ET
(Daisaku Nogam i,TaichiK ato,
Hajim e Baba,ChatiefK unjaya)
A bstract
Asthecom puterenvironm enthasbeen developingdras-
tically these years,the style of astronom icalstudy has
been changed.Thekeywordsofthesechangesarethought
to be \real-tim e" and \interactivity". Suspecting that
they havepotentialtom adean greateecton thestudy of
transientobjects(cataclysm icvariables,X-ray binary,su-
pernovae,and so on),wesetup them ailing list,VSNET,
in 1994. O ur policy on VSNET since the start is that
VSNET isworld-widelyopened toanykindsofresearchers
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including professionalsand am ateurs,observersand the-
orists. Subscribershave increased as tim e goesand now
are over 400 from over 40 countries. Although VSNET
started asa m ailing list,itatpresentconsistsofvesub-
m alinglists,vsnet:vsnet-alert,vsnet-obs,vsnet-chat,and
vsnet-chart,and each ofthese lists works independently
fordierentpurposes. Using the dierentcharacteristics
ofthesesub-liststoadvantage,varioustypesofstudy have
been proposed and carried out. VSNET willbe devel-
oped furtherwith cooperation ofsubscribers.Ifyou have
any com m ents or questions, please feel free to contact
with VSNET adm inistrators(vsnet-adm @ kusastro.kyoto-
u.ac.jp).
Introduction
The com puter environm ent is m aking rem arkable
progresswith developm ent ofthe infrastructure and the
m achine power.The W orld-W ide W eb (W W W ,Berners-
Lee et al. 1992)is explosively com ing into wide as well,
redrawing thecom m on senseon theinform ation distribu-
tion.
These have an greataect on the astronom icalstudy,
forexam ple,1)thecom plicated rapid controloftelescopes
(adaptive optics,etc.) becom es possible,2) the scale of
sim ulationsare getting m uch larger,3)editorsofvarious
journalsencouragethe electronicsubm ission,4)the elec-
tronicpublication ofpaperson W W W orby CD-RO M is
discussed and partly realized ,5) IAU circulars are dis-
tributed by e-m ail, 6) preprints are usually distributed
by e-m ail or on web pages (e.g. http://www.lanl.gov,
G insparg 1996),7)thesearch ofpapershasbecom equite
easy by the foundation ofthe AstrophysicsData System
(NASA,Accom azzietal.1995),and so on.
Thekeywordsofthisrevolutionarethoughttobe\real-
tim e" and \interactivity".
Is there a possibility for these characteristics to be
quite usefulin the study oftransient objects? W e had
an eye on the m ailing list since the system m akes it
possible to share m uch inform ation am ong m uch peo-
ple quite quickly and can be used interactively by m uch
people. Then, in July 1994,we started a m ailing list,
VSNET (vsnet@ kusastro.kyoto-u.ac.jp),m ainly on cata-
clysm ic variables,supernovae,X-ray binaries,and so on,
with a policy thatweaim to m akea contributeto theas-
tronom icalcom m unity by providingam echanism tom ake
inform ation shared and aroom todiscussallaspectsofthe
astronom y concerning thosetransientobjectsam ong sub-
scribersfrom alloverthe world irrespective ofthe status
(an am ateurora professional),the style ofastronom ical
study (an observerora theorist),and otherproperties.
History ofVSNET
The rst m em ber of VSNET is several tens
of am ateurs belongs to am ateur associations (The
Am erican Association of Variable Stars (AAVSO ,
see http://www.aavso.org/), Association Francaise des
O bservateursd’EtoilesVariables(AFO EV),VariableStar
O bserverLeaguein Japan (VSO LJ),and soon)and afew
tensofprofessionals.Subscribers,then,haveincreased by
m ouse-to-m ouseadvertising and ourinvitation to authors
ofpapers in astronom icaljournals. Now the num ber of
subscribers from about 50 countries exceeds 400,which
m eansthatm ajorpartofresearchersin thiseld hasal-
ready subscribed.
At rst, all e-m ails other than adm inistrative ones
for subscription and unsubscription were distributed to
all subscribers. However, accepting a request m ainly
from theorists that they do not need daily data but
want to know nal results deduced from observations,
we m odied the system of VSNET to divide VSNET
to three sub-m ailing lists in O ctober 1994, 1) vsnet-
obs(vsnet-obs@ kusastro.kyoto-u.ac.jp)forreportingdaily
observations,2) vsnet-alert (vsnet-alert@ kusastro.kyoto-
u.ac.jp) for alert on the discovery ofsupernovae,novae,
rare outbursts,discovery ofnew variable star,dram atic
change of known variable stars, and so on, and 3) vs-
net (vsnet@ kusastro.kyoto-u.ac.jp)for the generalinfor-
m ation not suited for the form er two lists,for exam ple,
com plied data,nding charts,preprints,callsforobserva-
tions for internationalco-observation cam paigns,and so
on.
In ordertorefertoan old logcorrectly,serialnum bersin
the subjectwereadded as[vsnet-obs1997]since January
1995.
In June 1995, the VSNET W eb pages
(http://www.kusastro.kyoto-u.ac.jp/vsnet/) were
opened.You can seeallarticleseverposted to VSNET on
W W W .You can seelightcurvesdrawn from observations
distributed via vsnet-obs in the recom m ended form at,
too. The m ostim portant results am ong vsnet-alertlogs
and public inform ation like conference announcem ent
are gathered on the top page alm ost daily up-dated.
M any useful tools developed and provided by various
groups are available on the pages as well. At the
sam e tim e we started VSNET anonym ous ftp service
(ftp.kusastro.kyoto-u.ac.jp/vsnet/) where you can get
objectsalm ostsam eason W W W .
In January 1997,we m ade an addition ofa new sub-
m ailing-list of vsnet-chat (vsnet-chat@ kusastro.kyoto-
u.ac.jp) in order to discuss various subjects. Though
VSNET was used nearly only for distribution of infor-
m ation,thism odication widened the usageofVSNET.
Having the background asm entioned here,VSNET at
present consists of four sub-m ailing-lists (vsnet, vsnet-
alert,vsnet-obs,and vsnet-chat)aswellasVSNET W eb
pages and anonym ous ftp service. However,one ofthe
sub-lists,vsnet,isnow closed,since com m ercialinform a-
tions never related to astronom y,so-called SPAM ,were
posted again and again. Thistype ofproblem ,although
com m on to allm ailing lists,ishard to com pletely solve.
The num berofe-m ailposted to vsnet-obs,vsnet-alert,
and vsnet-chat is 20-40, a few,  5 per day, although
changing from day to day.
Tablesshow severale-m ailsposted to VSNET andfig-
uresshow lightcurvesavailableon W W W .
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VSNET:Now and Future
The m ajorusagesofVSNET are1)to forecastthe be-
haviorofvariable starsfrom daily observationsavailable
via vsnet-obs and plot a strategy ofthe observation,2)
to check the statusofa variable starin opticalon vsnet-
obsatthe tim e ofthe observationsin UV orX-ray,3)to
publish new results on vsnet-alert (discoveries ofsuper-
novae,determ ination ofsuperhum p period in SU UM a-
type dwarf novae, and so on), 4) to callthe follow-up
observationsoftransientobjectsdetected in UV orX-ray,
5)tocalltheco-operation forinternationalco-observation
cam paigns,6)to notify conferencesnewly held,7)to dis-
cuss various subjects ranging from the rst step ofthe
observation to theoreticalinterpretationsofnew interest-
ing phenom ena,and so on. For reference,tables list a
part ofsubjects ofe-m ails posted to VSNET.These us-
ageswould be born in the active environm entunderthe
com plex of\real-tim e",\interactivity",and the VSNET
policy.
In addition, new originalapplications ofVSNET are
appreciated alltim e,and,actually,willbeproposed.W e,
VSNET adm inistrators, would be m uch glad if studies
com pleted on use ofVSNET contribute to the progress
of astrophysics. If you have any questions, requests,
and suggestions,please do not hesitate to com m unicate
with VSNET adm inistrators(vsnet-adm @ kusastro.kyoto-
u.ac.jp).
Part of this work was supported by a Research
Fellowship of the Japan Society for the Prom otion of
Science forYoung Scientists(D.N.).
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A ppendix 2. V SN ET D ata R eporting System
As described in subsection 2.1,the VSNET data han-
dling, database m anaging, and data analysis tools are
m ostly com m on to the ones developed for the VSO LJ
database project (K ato 1990a), and later adapted for
wider range ofobservations. The program s were origi-
nally written form icrocom putersrunningon M S-DO ST M ,
and later ported to Linux. The following inform ation is
m ainly an excerptfrom K ato(1990a),partly rewritten for
the recentchangesforthe VSNET m anagem ent.
A.2.1. Electronic Form atofObservations
The VSNET reporting form at is an UT extension of
theVSO LJ electronicreporting form at,whosedesign was
established in 1987.The standard form atVSNET obser-
vationsarecom posed oflinesseparated by new-linechar-
acters.Sincea fulldescription oftheform atused in these
data orlesm ay notbenecessary to allreaders,them in-
im alrequirem ents to interpret the data which are m ade
availablethrough the VSNET W orld-W ideW eb service.
Each linecontainsthe following item s.
(a) Nam eofthe object
(b) Tim eofthe observation in decim alsofUT
(c) O bserved m agnitude
(c’) M agnitudesystem (CCD/photoelectric)orlm and
lter(photographic)
(d) O bserver’scode
These item swere designed to expressoriginalobserva-
tionsasexactly aspossible(m ainly in term sofsignicant
digits). Com parison stars,chartsused,orany othertext
inform ation can be written as a com m ent following the
item (d);they areusually used forfuturereferenceorex-
am ination,and notdirectly used atpresentin theVSNET
regulardatabasem anagem ent.
Each item is separated by one or m ore space charac-
ters(ASCIIcode20in hexadecim al)and doesnotcontain
spaceswithin the item .
(a)Nam e ofthe Object
Thisisan identierfortheobject.Ifthenam eisunique
enough to discrim inatetheobjectfrom othercelestialob-
jects,any expression is basically allowed;the use ofthe
nam es listed in the G eneralCatalogue ofVariable Stars
(G CVS), Beyer nam es, num bers in the New catalogue
ofSuspected VariableStars(NSV),and Durchm usterung
num bers (BD, CD, CPD), however, is strongly recom -
m ended. W hen there is no specic relevantcatalog,the
use ofG SC and USNO identiercan be used.
For G CVS and Beyernam es,three-letter IAU code of
constellation (in upper-caseletters)precedesthe nam eof
the starin the constellation.G reek lettersare written in
the standard English expressions.
Exam ples: ANDR forR And,
O RIalpha forBetelgeuse( O ri)
Translation of reported nam es into standard expres-
sions,when necessary,is perform ed either autom atically
orm anually using theALIAS database.Thisprocesspar-
ticularly becom es necessary when new G CVS nam es are
released in theform ofregularnam e-listupdates,orwhen
a new G CVS designation is given for a new nova. All
the nam e translation rules are centralized in the ALIAS
databaseand reected on theentireVSNET system ,elim -
inatingadditionaleortstom odify individualobservation
reports or expressions in VSNET circulars. This is an
great advantage ofthe VSNET database m anaging pro-
cess,and a newly released nam e-list update (containing
som ehundredsofnewly designated variablestars)can be
usuallyreected within adayoftherelease.O bserversare
allowedtocontinueusingtheold expressionsaslongasthe
expressionscan beuniquely and autom atically translated
into the new expressions.
No.] VariableStarNetwork 41
(b)Tim e ofthe Observation
In orderto facilitate detecting errorsby eye,tim esare
expressed in the following decim alform atusing UTC.
Exam ple:20030701.123(2003 July 1.123 UTC).
No heliocentric or barycentric corrections are intro-
duced at this stage. The conversion to TAI or TD (in
any expression including Julian Date),orhelio-(orbary-
)centric correctionsare leftto data analysissoftwareand
users. These m easures are partly because widely used
softwarepackagesatthe observer’send areknown to fre-
quently contain problem s. The otherreason isthatleap
secondsdo notallow to distributexed tablesforconver-
sion beforehand.
(c)Observed M agnitude
Decim alpoints are explicitly used to show the signif-
icant digits. Upper lim it observation (non-detection) is
expressed by a prex ‘< ’.Expression m ay befollowed by
oneof‘:’or‘?’to show uncertainty.
(c’)M agnitude System ,Film and Filter
If the observation is visually perform ed, this item is
notnecessary.O therwise,the code ofthe m agnitudesys-
tem (or the lm and the lter ifthe observation is done
photographically)follows the item (c) without placing a
space. W ell-dened standard photoelectric system s (e.g.
Johnson-CousinsU ,B ,V ,R c,Ic,R j,Ij)system sareused
as in usualsense. O ther VSNET-specic codes include
\C" (unspecied unltered CCD m agnitude),\CR" (un-
ltered CCD m agnitude calibrated on R c-band)and \p"
(unspecied photographicm agnitude).The com plete list
ofthecodesrepresentingthelm sand ltersatpresentis
availableatthe VSNET website.108
Exam ple:< 15.5Rc(fainterthan 15.5 in R c-band)
(d)Observer’scode
The code is usually a three-letter code, as canoni-
cally used by the Am erican Association ofVariable Star
O bservers(AAVSO )109 and theVSO LJ.Thecodem ay be
im m ediately followed by a period m ark (‘.’) and the or-
ganization code.W hen thereisno xed aliation forthe
observer,theVSNET m anagergroup issuesa code,which
schem e also enablesarchiving historicalorliterature ob-
servations.
W ith thisform at,each lineofobservation hasallinfor-
m ation in itself;anyoperationofm ovinglinesin adatale
(such assorting)doesnotaectthepropertiesofthedata.
Theabovedesign ofelectronicdata hasgreatly facilitated
overallaspects ofthe following electronic data m anage-
m ent,and thispioneering concepthasbeen taken overby
a num berofworld-widevariablestarorganizations.
108
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/etc/form at.htm li.
109
hhttp://www.aavso.orgi.
A ppendix 3. D esign ofthe V SN ET D atabase
M ost of program s are written in the language C,
and were originally com piled with Turbo-C (Borland
International). M any of m achine-independent source
codes (handling text-based data) can be com piled
by ANSI C (ANSI X3.159) com pilers (such as gcc)
without m uch correction. In the actual VSNET
databasem anagem ent,thesecodesareeithercom piled on
W indowsT M /DO S personalcom puters,orLinux worksta-
tions.M ostofthetext-based worksarecurrently doneon
Linux workstations.
Besides storing originaldata as text les (as reported
in vsnet-obs),they arealso incorporated into an observa-
tionaldatabase in rewritable m edia allowing random ac-
cess.Severalinteresting graphicprogram sand data anal-
ysisprogram srun in thism ode.Them axim um num berof
observationshandled atonetim e dependsonly on capac-
ity ofthe m edia and the addressing capacity ofthe oper-
ating system . Forexam ple,we now handle dynam ic and
random access to the entire VSNET observations,con-
sisting ofm orethan 1.2 m illion visualobservations( 130
M B)ofrandom ly accessibledata,and we haveregistered
m orethan 1.3 m illion CCD observationssubm itted to the
VSNET Collaboration. W e have also conrm ed that a
com bination test of the VSNET, VSO LJ and AFO EV
publicdata (about3 m illion observation)hasyielded sat-
isfactory eciency ofhandlingahugevolum eofrandom ly
accessibledata.
In addition totheobservationaldatabase,therealsoex-
istothersystem databasesincludingVARTYPE (database
on individualvariable startypes),and ALIAS (nam e re-
solver database). A program m er on this system can in-
quire these databases for the type ofvariability or the
standard expression ofthe nam e for the objectspecied
by a given identier.
A.3.1. Structure ofthe Database
Because the num berofthe data orthe objectsisvery
large,and both random and sequentialaccessesareneces-
saryforeasyoperation on thelightcurves,weadopted the
com bination ofB+ tree and bidirectionallinearlist. This
basic structureofthe databasewasoriginally established
in 1989 to fully incorporatethe VSO LJ database.
Com pletedataofobservations(otherthan rem arks)are
stored in a le equivalentto an index le ofan relational
database,and there isno need forreading an additional
data le. The size of a storage block is 16 kilobytes,
butthiscan bem odied upon dierentcom pilation.The
m ain m em ory isdynam ically allocated to sim ulate a vir-
tualm em ory in order to m inim ize access to the storage
m edia.W ith thisfeature,them ain databasem oduleonly
requires an order ofa few hundreds ofm egabytes ofac-
tualm em ory.The kernelofthe databasem odule iswrit-
ten transparentlytotheupperm odules,soupperm odules
haveonly topassthekey orthevirtualaddresstotheker-
nelto inquirethenextorthepreviousdata.Them odules
are written to enable sim ultaneous handling ofm ultiple
databases (e.g. observationaldatabase and VARTYPE)
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withoutinterference.Thedatabasefunctionsareprepared
asaform ofC-languagebased application interface(API),
butweskipped thedetailsofindividualAPIsbecausethey
aretoo technicalto be presented in thispaper.
A.3.2. Basic Com m and Operations
Basicuseroperationsto thedatabasecan beperform ed
by com m and-line tasks on M S-DO ST M or Linux. The
m ostfrequently used and basiccom m andsinclude:
inittree createsa new database.
m rg m ergesa textle to a database.
vdel deletesdata specied by a textlefrom a database.
vm rg m ergesan observationaldatalein thestandardfor-
m atto the observationaldatabase,and listspoten-
tialerrorsby referring to the previously registered
data and VARTYPE database.
vcut listsdata ofa given objectfora given chronological
period.
vren replacesan identierforan objectby another.
vlist listsalldata in a database.
liststar listsallstarsin a database.
seltype selects data from a text le by specifying types of
variability,by referring to theVARTYPE database.
chknew checks observation data le if they contain newly
reported objects by com parison with the existing
observationaldatabase..
chkstd checksobservation data le for gram m ar,and lists
discordant data and potential errors by referring
to the previously registered data and VARTYPE
database.
looktype returns the variable star type by referring to the
VARTYPE database.
settype sets or m odies the variable star type in the
VARTYPE database.
calias convertsa variablestarnam eto thestandard nam e
by referring to ALIAS database.
alias sets or m odies the entry in the ALIAS database
(this com m and has a dierent nam e on Linux be-
cause ofthe collision with the shellbuilt-in com -
m and).
M ost basic operations on the VSNET data are done
with these basic com m ands,and arefrequently used asa
com bination regulated by a shellscript.
A.3.3. Data AnalysisApplication Program s
M ostoftheseprogram susea G UI.Thesepackagesare
architecture-specic, and presently run in lim ited envi-
ronm ents(e.g.NEC PC 9801 m achines),although eorts
havebeen taken toporttheseapplicationsto W indowsT M
operating system ,orto writean equivalentwrapperG UI
applicationswritten in JavaT M .Figure20showsasam ple
im ageby grp interactivelightcurveviewerprogram .
grp displayslightcurves,and enablesinteractivezoom -
ing,data selection,data editing.
autogrp displays and prints light curves autom atically. An
equivalent package written in JavaT M is presently
used to produceVSNET onlinelightcurves.
circ autom atically producesVSNET CV Circulars.
A.3.4. Data Processing
Besides drawing light curves, there also exist several
kinds ofscientic data-analysis program s. Som e require
databases and others require only data les in the text
form at. A few sam ples are shown here. M any of the
general-purposeprogram s(m ostly with sourcecodes)are
availablefrom theVSNET website\Toolsand Program s"
section.110
Heliocentric and Barycentric Corrections
W e have im plem ented both conventionalheliocentric
correctionsfortheobserved JDs,by using thewell-known
Newcom b’sexpansion oftheplanets.W ehavealso im ple-
m ented barycentriccorrectionsby num erically integrating
the DE 200 ephem eris produced by NASA.The original
source code ofthe DE 200 ephem eriswasim ported from
a softwarepackagewritten by M r.Novas.
Period Analysis Tools
W e have ourown im plem entations ofDiscrete Fourier
Transform (DFT),PhaseDispersion M inim ization (PDM :
Stellingwerf 1978), Discrete W avelet Transform (DW T:
Foster 1996)and other period analysistools. The PDM
package was ported to W indowsT M by Andreas W ijaya,
and hasbeen conveniently used by m any users.
CV Circulars
CV Circularswere originally prepared m onthly and is-
sued bytheVSO LJ,from theobservationsreported bythe
end ofthe next m onth. In the m odern VSNET service,
these circulars are issued alm ost daily to fully incorpo-
rate the daily changes in the rapidly varying CVs. The
corresponding listisvsnet-cvcirc.111
CV Circulars contain inform ation about all reported
outbursts and standstills ofdwarfnovae in the form of
nightly averages,and nightly averages ofother peculiar
objects(CVsotherthan dwarfnovae,X-raybinaries,sym -
biotic variables,eruptive variable such asR CrB stars,S
Dor stars,FU O ristars,and supernovae,active galactic
nucleiand otherobjectsofspecialinterest).
Unpredictable variationsofbrightnessofthese objects
m ake it extrem ely dicult to check observations as au-
tom atically done for pulsating variables. Together with
faintnessoftheseobjects(which im pliesexistenceoflarge
num ber ofnegative observations),cross checks between
dierentobserversareindispensable.
The present program circ,referring to a list ofm ore
than 1000objectscontainingtheirproperties(typeofvari-
ability,norm alrangeofvariation,ephem eridesofeclipses
etc.),checksallobservationsusing databases. The listis
updated by theeditorwhenevernew inform ation becom es
availablein orderto m aintain circularsup-to-date.
110
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/etc/prog.htm li.
111
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-
cvcirc/m aillist.htm li.
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Fig.20. Sam ple im age by grp interactive lightcurve viewerprogram .The lightcurve isBL Lac from V SN ET observations.W hite
and red m arks represent positive and upper lim itobservations,respectively. The program enables interactive G U I-based operation
on photom etric database constructed on the database engine described in A ppendix 3.1.
The resultsare then listed asa le in the prototypical
form ofCV Circulars,containingthereportsofpotentially
discordantdata (or rapid intrinsic changes)with special
m arks. The present version can handle m ore than tens
ofthousands ofobservationsper m onth,and produces a
circularin a m inute.
The sam e program ,slightly m odied to produce long-
term averages,isused to produceVSNET M ira Circulars
vsnet-m iracirc.112
A ppendix 4. C hart-P lotting and Star
Identication P rogram
W hen identifying variable starsand locating the CCD
eld ofview, chart-plotting and star identication pro-
gram sare very useful,particularly when the network re-
source wasunavailable. Forthispurpose,one ofthe au-
thors(TK )developed in 1990 a chart-plotting com puter
program , when m achine-readable G uide Star Catalog
(G SC)1.0(Laskeretal.1990)wasreleased.Theprogram
wasdesigned to run on a stand-alone personalcom puter
running on M S-DO ST M non-extended (lessthan 640 K B)
m em ory.
Sincethedistribution form ofG SC 1.0wascom posed of
hugeASCIItableson two CD-RO M s(1.2 G B),and since
112
hhttp://www.kusastro.kyoto-u.ac.jp/vsnet/M ail/vsnet-
m iracirc/m aillist.htm li.
theobjectswererandom lyarrangedwithin individualles
covering 2{3 degrees square,it was an absolute require-
m entto com pressthese data and m akethem quickly and
random ly accessible. In thissoftware,we subdivided the
entire G SC data into 0.5 degree bins in declination,and
sorted theobjectswithin the sam ebin according to right
ascension. In order to com press the data, we used bi-
nary les which can be directly m apped in C structure.
In orderto avoid redundancy in rightascensionsand en-
able quick random access,weused a separatejum p table
which recordsthelepositionsofgivencoordinatem eshes.
Individualentries in the 0.5-deg bins only contain resid-
ualsto the m esh coordinates. In originalcom pression of
G SC 1.0,each catalog entry corresponded to 5 bytes.By
com biningtheinform ation ofcoordinatem esh in thejum p
table and the individualentries,one can obtain the fully
decoded coordinates. These functions(including sequen-
tialreadingfunctionsofagiven box)wereim plem ented as
transparentAPIs,m any ofwhich weredesigned to takea
pointer to the display function as a call-back function.
W ith this com pression, the entire G SC 1.0 (disregard-
ing the objectnam es,plate num bers)can be com pressed
into 100 M B.Thisprogram wasoneofthe earliestchart-
plotting software packagesthatused G SC assource cat-
alogs and im plem ent encoded com pressed catalogs,and
thedesign wastaken overin varioussuccessivethird-party
applications. The program is also able to display G CVS
and NSV variable starcatalogs,and IRAS PSC objects,
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which were com pressed in a sim ilarm annerem ployed in
G SC com pression.
The program waslaterupdated to accom m odate G SC
1.1 (Lasker et al.1996) and USNO A1.0 (M onet et al.
1998a)catalogsin 1998,and othercatalogs(with variable-
length object labels). W ith the increase ofcapacity of
storage m edia,the present version uses 12 bytes for one
G SC 1.1 fullentry and 8 bytesforoneUSNO A1.0 entry.
W ith this com pression m ethod, the entire USNO A1.0
data (m ore than 4.8 108 objects)can be stored in 4 G B
storage and can be quickly and random ly accessed. The
presentversion isequipped with a function to handlethe
2M ASS point source catalog in the sam e m anner. The
program also handlesa nam e resolverby using the sam e
database engine described in Appendix 3.1. The entire
program is presently ported to W indowsT M and Linux
using xlib graphic library (see gure 21 foran exam ple).
W ith thisprogram and APIs,onecan veryquicklyidentify
new and known variable starseitherinteractively orin a
batch. O nline VSNET chartswith Hipparcosand Tycho
m agnitudes(subsection 2.2)havebeen prepared with this
softwareoperated in a batch m ode.Theobjectdatabases
havebeen regularly updated,especially when a nam elists
for new variable stars is released. The source codes are
availableupon requestto the author.
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